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THE INSTITUTION OF PETROLEUM TECHNOLOGISTs, 


NOTICES. 


The Institution as a body is not responsible for the statements of 
opinions expressed in any of its publications. 


The entire contents of the Journal are covered 

Copyright. by general copyright, and official permission is 

necessary for reprinting long abstracts; but 

editors may use not more than three pages of any paper, provided 

that credit is given as reproduced from the Journal of the Institu- 
tion of Petroleum Technologists or advance-proofs thereof. 


The Journal appears in four parts per sessional 

Issue of volume, viz., in January, April, July and 

Journal. October. A brochure describing the origin, 

progress and purposes of the Institution, and 

comprising also the Memorandum and Articles of Association, 

the By-Laws and Regulations of the Institution, the Library 

Catalogue to date (with subject index), and the List of Members, 

was published in September, 1915, to be followed periodically by 

revisions of the Library Catalogue and List of Members. The 
List of Members brought up to March, 1922, is now issued. 


Members of all classes are entitled to receive these publications 
free ; for additional copies of the Journal they wili be charged at 
the price of seven shillings and sixpence per part, and of the bro- 
chures at the prices stated on the wrappers, varying in proportion 
to bulk. 


It is particularly requested that members notify 

Changes of the Secretary immediately of any change of 

Address. address ; and members are also requested to 

advise the Parcel Post Department, as well as 

the Letter Office, of any temporary change of address, as, unless 

this is done, parcel post packets will not be re-addressed, but will 

be returned to the offices of the Institution in London, thus incurring 
further expense for postage. 


Papers should be written in the third person 
To Authors and the copy should be carefully corrected by 
of Papers. the author before it is presented. 


All drawings, diagrams or other illustrations should be sent in 
a fit state for direct photographic reproduction. 
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All quotations, technical terms and localisms should be indicated 
by means of inverted commas. 


Foreign weights, measures and costs should be given whenever 
possible, and also their English equivalents. 


It is suggested that authors append as complete a bibliography 
of the subject treated as may be possible. 


All papers and notes submitted to the Institution are supposed 
to be original communications unless distinctly stated to be other- 
wise, in which case the exact reference to the previous publication 
should be given. 


Communications upon papers read at meetings, notices of personal 
movements, or other matter for which publication is desired in 
the next issue of the Journal, should be in the hands of the Editor 
on or before the last day of December, March, June or September, 
as the case may be. Subsequent delivery may be too late for 
insertion. 


The Council desire to draw the attention of authors to the 








serious increase in the cost of production. Papers, both for the 
Journal and for communication to the Institution, should be as 
concise and condensed as possible. 


The Council invite members to submit papers 
Communications. for the forthcoming session. Communications 

to the Institution will, subject to the approval 
of the Publication Committee, be published in the Journal. 


A Register will be kept at the offices of the 

Appointments Institution for the convenience of firms requir- 

Register. ing the services of members and for members 

requiring appointments, but on the distinct 

understanding that the Institution accepts no responsibility and 
gives no guarantee. 


The Institution’s Library at No. 5 John Street, 
Library. Adelphi, may be consulted between 11 and 4 
daily. Extensive additions are being made to 

the current and standard literature on Petroleum. 


Additions since publication of last Journal :— 


From the Imperial Mineral Resources Bureau : 


The Mineral Industry of the British Empire and Foreign Countries. War 
Period. Sulphur and Iron Pyrites. 
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From the Department of the Interior, U.S. Geological Survey :— 
Bulletin No. 679. The Microscopic Determination of the Nonopaque Minerals, 
By Esper S. Larsen. 
Bulletin No. 706. The Iron Ore Resources of Europe. By Max Roesler, 
Bulletin No. 714. Mineral Resources of Alaska, 1919. By Alfred H. Brooks 
and others. 


Bulletin No. 725B. Crome Ores in Pennsylvania, Maryland and North 
Carolina. By E. B. Knoff and J. V. Lewis. 


Bulletin No. 725C. Deposits of Manganese Ore in Montana, Utah, Oregon, 
and Washington. 


Bulletin No. 725D. Contact-Metamorphic Tungsten Deposits of the United 
States. By F. L. Hess and E. 8. Larsen. 


Bulletin No. 725F. Pyrite at the Haile Mine, Kershaw, S. Carolina. By 
Frank C. Schrader. 

Bulletin No. 725G. The Taylor Creek Tin Deposits of New Mexico. By 
J. M. Hill. 


Bulletin No. 725H. Ore Deposits of Cedar Mountain, Mineral County, 
Nevada. By A. Knoff. 


Bulletin No. 7251. The Round Mountain District, Nevada. By H. 6. 
Ferguson. 

Bulletin No. 726C. Oil Prospects in Washington County, Utah. By H. 
Bassler and J. R. Reeside. 


Water-Supply Paper No. 459. Colorado River Basin, 1917. By Nathan C. 
Grover, R. Follansbee, C. C. Jacob, and C. E. Ellsworth. 


Water-Supply Paper No. 460. The Great Basin, 1917. By Nathan C. 
Grover and others. 


Water-Supply Paper No. 471. North Atlantic Slope Drainage Basins, 1918. 
By Nathan C. Grover and others. 


Water-Supply Paper No. 475. Hudson Bay and Upper Mississippi River 
Basins, 1918. By Nathan C. Grover and others. 


Water-Supply Paper No. 476. Missouri River Basin, 1918. By Nathan C. 
Grover and others. 


Water-Supply Paper No. 490B. Routes to Desert Watering Places in the 
Mohave Desert Region, California. By David G. Thompson. 


Water-Supply Paper No. 500B. Ground Water for Irrigation near Gage, 
Ellis County, Oklahoma. By David G. Thompson. 


Professional Paper No. 129B. Orthaulax, a Tertiary Guide Fossil. By 
C. Wythe Cooke. 


Mineral Resources of the United States in 1920. (Preliminary Summary.) 
From the Department of Mines, Mines Branch, Canada :— 

Annual Report on the Mineral Production of Canada during 1920. 

The Production of Coal and Coke in Canada, 1920. 


The Production of Copper, Gold, Lead, Nickel, Silver, Zinc, and other Metals 
during 1920. 


Report of the Department of Mines during the Fiscal Year ending March 3st, 
1921. 
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Memoir No. 125, Geological Survey. Sedimentation of the Fraser River 
Delta. By W. A. Johnston. 


The attention of members is drawn to the new supplement of 
the Journal which deals with current Petroleum literature. To 
make this section of the maximum usefulness it is necessary that 
there should be full co-operation between chemists, engineers and 
geologists, and that matter which has inadvertently escaped notice 
shall be immediately sent to the Editor. The Institution is in- 
debted to Mr. W. J. Wilson for the compilation of the bibliography. 


A limited number of Advertisements of firms 
Advertisements interested in the Petroleum Industry may be 
in the Journal. inserted in the Journal. Application for terms, 
etc., should be made to Messrs. Commercial 
Publicity Service, 58 Warwick Street, Regent Street, London, W. 1. 


LIST OF ADVERTISERS. 


(Members are desired, when making enquiries or placing orders 
with advertisers, to mention that they have seen their announcement 
in the Journal.) 


ANGLO-AMERICAN O1L Co., HAayWARD-TYLER & Co., Lip. 
Lrp. THE JaMES Press Co., Lrp. 

ANGLO-MEXxICAN PETROLEUM Lucy MANUFACTURING CoR- 
Co., Lrp. PORATION. 

BRITISH PETROLEUM Co., Lrp. Tue NaTIONAL Suppty Cor- 

CHAPMAN & Hatt, Lp. PORATION. 

W. Curistig & Grey, Lrp. Om ENGINEERING AND FIn- 

A. F. Craia & Co., Lrp. ANCE. 

Dunn MANUFACTURING Co. Om WELL Suppty Co. 

W. J. Fraser & Co., Lrp. VickERS, LIMITED. 

A. GALLENKAMP & Co., LD. W. H. Wiritcox & Co., Lrp. 


PERSONAL NOTES OF MEMBERS AND SPECIAL 
NOTICES. 


It is suggested that Members of the Institution send information 
regarding their movements to the Secretary for insertion under this 


heading. 


Mr. E. J. THompson has left for Venezuela to take up a position 
as mechanical engineer with Messrs. The British Controlled Oil- 
fields, Ltd. 

Mr. WILLIAM SuTToN returned from the United States in January 
Mr. F. D. Brown has left for Minatitlan. 
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Mr. F. E. Cuerry has returned home from Venezuela. 
Mr. T. R. H. Garrett has joined the staff of Col. F. Johnson, 
Sons and Co., at Rangoon. 

Major W. GrounDWATER is with Messrs. The Union Petroleun 
Products Co., at Birmingham. 

Mr. B. F. N. Macroriz is at present in England. 

Mr. R. G. NEmLson is now at home again. 

Mr. N. SUTHERLAND is with the staff of the Anglo-Persian (jj 
Co., in the Persian Gulf. 

Mr. T. A. AmpBrose has joined the staff of the National (jj 
Refineries, Ltd., Skewan, S. Wales. 

Mr. F. E. Keep is at the Sangareni Collieries, Sangareni, Deccan, 
India. 

Sir Jonny CapMAN has returned home from America. 

Mr. JoHN CLARK TEMPLETON is with the Bitumen Company, 
Zagreb, Croatia, Yugo-Slavia. 

Mr. James CLARK TEMPLETON has joined the London staff of 
the D’Arcy Exploration Company. 

Mr. H. Barrincer returned from the States in February. 

Mr. KennetH Warts has left for the Argentine. 

Mr. ALBERT MILLER has started business as a Consulting Mining 
Engineer in Boryslaw, Poland. 

Mr. Frep Estine has opened a laboratory as a Consulting 
Chemist and Petroleum Technologist in London. 


Dr. A. E. Dunstan and Dr. F. G. Remrry have returned from 
the United States. 


Mr. A. W. Ispetr has returned to Trinidad. 

Mr. J. E. MarsHatt Hatt has returned from Africa. 

Mr. R. P. Botton is with the Romano-Americana Company at 
Ploesti, Rumania. 


Mr. F. G. Rappoport, who has just returned from Angola, 
Portuguese West Africa, has been appointed adviser on petroleum 
matters to the Government of Siam. 





OBITUARY. 
Mr. Joun Smart SMITH. 


Ir is with great regret that we have to record the death of Mr. 
John 8S. Smith, which took place at Aberdeen on December 23rd 
last, after an illness of three months, and the Council tender 
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their sincerest sympathy in their irreparable 





to his family 
loss. 

He was born at Perth on November 24th, 1873, and educated 
at Perth and the Robert Gordon’s College at Aberdeen. At the 
age of sixteen he commenced an apprenticeship with Messrs. Clyne, 
Mitchell & Co., Ltd., Marine Engineers, of Aberdeen, supple- 
menting his practical training with theoretical studies during a 
period of six years. 

In order to become more thoroughly acquainted with engineering 
practice, he joined Messrs. Cayzer, Irvine & Co. as a seagoing 
al Qj] engineer, and made rapid progress through the various grades 
until he obtained his chief engineer’s certificate, when indifferent 
health caused him to abandon the sea. 

He was then engaged on the staff of the Harbour Engineer at 

Aberdeen for three years on general construction and maintenance 
work, and in 1903 obtained a post with Messrs. S. Pearson & Son, 
‘pany, F Ltd. on their staff at Malta, at the time they were constructing 
the new docks and harbour at that port. 
aff of After a short time Viscount Cowdray, then Sir Weetman Pearson, 
required his services in connection with oilfield and refinery develop- 
ments which he had just undertaken. From then until his death 
he was associated with the Mexican Eagle Oil Co., Ltd., which 
was founded by Lord Cowdray to carry out work in Mexico. He 
contributed his full share to solving the many difficult problems 
; which arose from time to time during the progress of this important 
ulting J venture, and the untimely loss of so valuable an assistant has no 
doubt been very keenly felt by his chief. 
from His responsible work in connection with the Mexican Eagle Oil 
Co. necessitated his visiting Mexico and the United States fre- 
quently, and he acted as refinery manager at Minatitlan and general 
manager at Tampico. 
Ly at He bore a large and responsible part in the work connected with 
the construction of the fleet of tank steamers built for Messrs. 
gola, | The Eagle Oil Transport Co., Ltd., and was a director of that com- 
leum | pany. 

Various other interests of his firm engaged his attention. He 
was a director of the Whitehall Petroleum Corporation, Ltd., and 
of the Thames Land Co., Ltd. 


He was a member of Council of the Institution of Petroleum 
Technologists, a member of the American Society, of Mechanical 
Engineers, an associate member of the Institution of Mechanical 
Engineers, ‘and a member of the Consultative Committee on Petro- 
Mr. | eum Technology of the Sir John Cass Technical Institute. 

23rd His death is a loss to the Petroleum industry of this country. 
His knowledge of the engineering side was extensive and thorough, 


ohnson, 







roleum 







an Gil 








































eccan, 












PRELIMINARY. 





xii 








and his opinion on any matter connected therewith was always 
valuable. He will be greatly missed by his many immediate 
colleagues, and by a large circle of friends, who will always remember 
his kindly and generous nature. 























SAMPLING AND ANALYSIS OF COAL COMMITTEE. 


Tue Fuel Research Board of the Department of Scientific and 
Industrial Research have appointed a Committee to advise upon 
the sampling and analysis of coal. The personnel of the Committee 
is as follows :— 


Professor Thomas Gray, D.Sc., Ph.D. (Chairman). 
Professor J. W. Cobb, C.B.E., B.Sc. 
J. T. Dunn, DSc. 
J. S. Flett, O.B.E., D.Se., LL.D., F.RS. 
G. Nevill Huntly, B.Sc. 
S. Roy Illingworth, M.Sc. 
J. G. King, F.LC. 
C. H. Lander, D.Sc. 
R. Lessing, Ph.D. 
C. A. Seyler, B.Sc. 
F. S. Sinnatt, M.B.E., M.Sc. 
Professor R. V. Wheeler, D.Sc. 
Secretary: Miss N. Renouf, F.CS. 


It is intended that the methods recommended by the Committee 
shall be adopted in connection with the Physical and Chemical 
Survey of the National Coal Resources. 

Communications for the Committee should be addressed to the 
Secretary, at 16 & 18, Old Queen Street, Westminster, London, 
S.W. 1. 





PHYSICAL AND CHEMICAL SURVEY OF THE NATIONAL 
COAL RESOURCES. 

THE Fuel Research Board have made arrangements for the recog- 
nition of the Lancashire and Cheshire Coal Research Association 
as the local Committee working under the Board for the purpose 
of dealing with the physical and chemical survey of the coal seams 
in this area. The Chairman of the Committee is Mr. Robert 
Burrows, and the Director of Research, Mr. F. S. Sinnatt. 
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It has long been felt that an important aspect of the great problem 
of the conservation of the national coal resources involves the 
study and classification of the coal seams which are at present 
being worked or developed, and also of seams or portions of seams 
which are being left unworked or are thrown aside above or below 
ground. This study and classification on its directly practical side 
must deal primarily with the suitability of each particular coal for 
those purposes for which its individual qualities render it most 
adequate, e.g. for gas making, coke making, steam raising or for 
domestic use. 


This question of survey has for some years been receiving the 
anxious consideration of the Fuel Research Board, but the unstable 
conditions which prevailed in the coal industry during and since 
the war have necessarily led to the postponement of the work of 
organisation. It is now, however, considered that the time has 
arrived when a beginning can wisely be made. 


The Fuel Research Board believe that this work can be most 
efectively carried out with the help of local committees in which 
colliery Owners, managers and consumers are associated with the 
representatives of the Fuel Research Board and the Geological 
Survey. By this combination not only will local knowledge and 
experience be made available, but the initiative of those most 
deeply interested in the practical aspects of this survey will be 
secured. 


The survey work will thus from the outset assume a practical 
character, for the selection of seams for examination will be in 
the hands of those who are in the best position to estimate the 
relative importance of the problems awaiting solution. The 
selected seams will be submitted to physical and chemical exami- 
nation by the local experts ; and, as a result of this examination, 
a further selection will be made of those which appear to justify 
experiments on a practical scale to test their suitability for particular 
uses or methods of treatment. This experimental work will be 
carried out either at H.M. Fuel Research Station or at other 
works, as may be found most convenient. 


The first Committee is already actively at work in the Lancashire 
and Cheshire district, where the local Research Association has been 
recognised by the Fuel Research Board as its representative body 
for the purpose. It is felt by the Fuel Research Board that the 
experience gained in the work and organisation of this Committee 
will be of great value in the establishment of Committees in other 
districts when the time is ripe for further developments, but they 
are satisfied that it will be wise to build up this national organ- 
isation on the sure foundations of actual experience. 
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**PETROLEUM REFINING:”’ 













Th 

It is with considerable interest that we notice the announcement ff Tech 
of the Second Edition of Campbell’s Petroleum Refining (Griffin and ff John 
Co.). It is the fate of a great number of technical manuals never ff PROF 
to survive the first edition; it is therefore all the more pleasing Th 
to notice that Mr. Campbell’s book has not only been the pioneer ff Fred 
in this subject in the English language, but promises to become the [J Duck 
classical work of reference on Refining. ~ 
An | 

THE 

FUEL FOR MOTOR TRANSPORT. ticul: 

Tue Second Memorandum by the Fuel Research Board on “ Fuel we 
for Motor Transport ”’ has been issued and can be obtained from prope 






























H.M. Stationery Office, Imperial House, Kingsway, W.C. 2. Re 
— . : se 
Price 6d. 


To those of the public who expect to learn that there is an = 
immediate prospect of alcohol being able to compete with petroleum —_ 
product in the fuel market, the report will be a disappointment. thst 
But to those who are acquainted with the real facts of the situation const 
the report will appear as a clear and concise statement of the fj ™P! 
actual position of affairs. It points out that if all the molasses § ™ 


produced from the whole of the sugar made in the British Empire § P?P* 


were converted into alcohol only 15 million gallons would result. § mp 
Great weight is laid upon the value of experimental work dealing § but ¥ 
with the possible conversion of cellulose material into fermentable No 


products, but it states that from the economic standpoint the than 
problem is not yet solved. The production of alcohol from acety- § portic 
lene produced from calcium carbide is dealt with, and the con- § comp 
clusion arrived at that calcium carbide can only be made under § tion. 
the most favourable conditions, only obtaining in certain colonies § throy 
at a price which would render the production of alcohol therefrom § to th 
a commercial proposition. It is pleasing to note that statistics negle 
throughout are given in 95 vol. per cent. alcohol, which is what using 
the fuel user understands by alcohol, and that when dealing with 
vegetable products yields are converted into gallons per acre. This 
makes the figures understandable by a much larger audience. The by E 

: : ; yE 
conclusion that alcohol production from cultivated crops is only 


possible in sub-tropical countries, where cheap labour is available. igi 

is emphasised, and those colonies where conditions are suitable and “* 

liquid petroleum fuel is expensive should be encouraged by the . 
ie 


report. 
W. R. O. suffic 
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The Sixty-first Meeting of the Institution of Petroleum 
Technologists was held at the House of the Royal Society of Arts, 
John Street, Adelphi, W.C., on Tuesday, January 10th, 1922, 
Prov. J. S. S. Brame, President, occupying the Chair. 

The following Members of Council were present :—Sir 
Frederick W. Black, Sir Thomas H. Holland, Mr. Alexander 
Duckham, Mr. Arthur W. Eastlake, Dr. W. R. Ormandy, and 
Mr. T. C. Palmer. ; 

The following paper was then read :— 


An Investigation into the Physico-Chemical Significance of 
Flash-Point Temperatures. 

Tae question of the flash-points of combustible bodies, more par- 
ticularly petroleum oils, is one which has been treated as of legal 
importance rather than of scientific value. Flash-points have not 
usually found a place beside physical constants in the tables of the 
properties of bodies. J. A. Harker and W. F. Higgins (Collected 
Researches, National Physical Laboratory, 1912, 8, 38), after a long 
research into standard methods and apparatus used in petroleum 
testing arrived at the following conclusion: “ It must be recognised 
that the flash-point of a liquid as ordinarily determined is an empirical 
constant, which is largely a function of the particular apparatus 
employed. It would seem desirable, therefore, to establish, if possible, 
more definite connection between this property and the real physical 
properties of the substance.” They then state their intention of 
comparing the flash-point of various liquids with their vapour tensions, 
but we have not been able to trace any report of this work. 

No doubt this idea of the flash-point being an empirical figure rather 
than a true physical constant has arisen from the fact that the greater 
portion of work done on this subject centres around the flash-point of a 
complex mixture, namely, kerosene and instruments for this determina- 
tion. In this way an air of—one might say—empiricism has been 
thrown over the whole question of flash-points, and it is perhaps owing 
to this trend of feeling that research in this direction has been so 
neglected. This feeling has also made physicists somewhat shy of 
using the term “ flash-point,” and where such points have been deter- 
mined they are not referred to specifically as such. Some determina- 
tions of the flash-point of alcohol were made both by Le Chatelier and 
by Eitner, but the figures are not given as such but are, as it were, 
concealed as portion of a determination of the limits of explosibility of 
air with alcohol vapour. 

It must be obvious, however, that especially in the case of pure 
bodies a knowledge of the flash-point and of the vapour pressure 
suffices to give the composition of the vapour at the limits of flame 
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propagation, there being, of course, two flash-points for each liquid, the 
upper and the lower, corresponding to the composition at the two 
explosive limits. In this connection, therefore, it would seem that 
flash-points, and the deductions to be made therefrom, are really of 
considerable interest both from the theoretical or pure scientific stand. 
point and also from the practical application to the processes occurring | — 
in the carburettor and explosion chambers of internal combustion 
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Some time ago we had occasion to determine the flash-points of § 1. ™ 
a number of organic bodies. The determinations were made with , § 2. D 
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Fig. 1. this in 
Pensky-Marten tester in the usual manner. We were led to plot the kay 
results against the boiling-points in order to test if there were any The 
relationship between the two properties. The remarkable result was iano 
found that there appeared to be an approximately linear relation the Di 
between the flash-and boiling-points as is shown in Fig. 1. It ap “ri - 
peared also that the relation may be expressed roughly in the form :— appars 
Flash-point °K x constant =boiling-point °K. over a 
that t 


The table below gives the results obtained for the bodies for which 
points are given in Fig. 1, where the constant in the above equation 
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is given in the column marked R. In the last column is given the 





vapour tension of each body as found by reference to the Landolt- 
Bornstein tables. 
Tasxe I. 
Vap. press, 
No. Substance. F.P. °C. B.P. °C. R. mm. Hg. 
1. Monochlor benzene . . 29 132 *746 14 
2. Dimethylanilin ° . 61 192 *720 5 
3. Benzaldehyde . . ° 625 179 ‘742 = 105 
4. p-dichlorbenzene ° ° 67 172 -764 _ 
5 Anilin . . . «. ‘T 184 -752 yg 
§. O-cresol a * ‘ 81 188 -768 12 
7. O-toluidine . ° ° 87 197 ‘766 = 13 
8. Nitrobenzene . ° - 89 208 ‘154 = 124 
9. p-nitrotoluene ° - 106 230 ‘154 10 


10. Benzoic acid . ° - I2l 249 “756 — 
ll. p-nitrochlorbenzene . « 127 242 -T78 _— 
12. m-dinitrobenzene . - >150 297 >-743 _ 
13. Di-phenylamine ° - 153 310 -738 - 
14. a-naphthylamine ° - 57 300 “751 — 


15 B-naphthol . . - I16l1 286 ‘776 _ 
16. a-nitronaphthalene . - 164 304 “759 _ 
l7. Di-nitrochlorbenzene - 187 315 “782 _ 


18 Di-anisidin . ‘ . 206 338 784 _— 





Our attention was drawn to the constancy of the ratio R, which is 
all the more surprising considering the variety of the bodies tested. 
It should be pointed out also that the boiling-points were not deter- 
mined, but are those of the pure bodies. As will be apparent later, 
this introduces a source of error. The approximate constancy of the 
vapour pressures (with the exception of dimethylanilin) may also be 
noted, as we shall return to this point later. 

The question of flash-points was taken up again in connection with 
work on the alcohol solubility of hydrocarbons being carried out for 
the Distillers Co., Ltd.* As this work was being carried out down to 
low temperatures it was thought desirable to devise some form of 
apparatus suitable for use at these reduced temperatures and upwards 
over any desired range. In considering this question it appeared to us 
that the usual types of flash-point instruments possessed severa! 


* Portions of this work have aiready appeared in the Journal, Oct., 1921, 
and Dec., 1921. 
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grave defects which militate against their being regarded as of true 
scientific design. These defects we may enumerate as under :— 


1. The vapour space is unevenly heated, the top surface being 
exposed to cooling by the air. 


2. Loss of vapour is liable to occur when the test flame is intro- 
duced through open ports in the lid. 


3. The instrument can only be used for lower flash-points. 


Other objections on the score of convenience also influenced us, such 
as the large bulk of liquid required (which is a consideration in dealing 
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with somewhat rare bodies) and the awkward nature of ive tester if it 
were required to be used at reduced or increased pressure. The form of 
apparatus arrived at after some trials is shown in Fig. 2—a description 
is attached to the sketch. In another form tried the bell tube was 
replaced by a straight tube of §” diameter and 10” long. The ignition 
was effected by sparks produced by a high-tension magneto worked 
by hand. Care was taken to restrict the number of sparks passed 
to a minimum in order to avoid using up the oxygen present in the 
combustion space. Two forms of spark gaps were tried, one consisting 
of 3 mm. steel balls } to 1 mm. apart, and the other of the rough cut 
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ends of 1 mm. nickel wires } to 1 mm. apart. It was found that the 
balls gave very uncertain results, the flash hanging fire in many cases 
until the temperature was several degrees above the normal flash-point, 
being go that the flash was very violent. By repeating observations, how- 
ever, 2 minimum could be found which was taken as the true flash- 
point. The wire-points, however, gave very easy and definite ignition. 


f true 
















































~— The results obtained by means of various types of apparatus are com- 
pared in the table below :— 
Taste II. 

, such . i at 
ealing Flash-points in °C, 

Pensky- 

Marten Straight 
bthalene gas flame tube Bell tube steel 

Material. ignition. points. balls points. 

- American kerosenes . > -_ 45 49 48} 
Borneo kerosene , . 40 38} 42 42 
Edeleaun extract from above 53} 52 55 54} 
Mexican kerosene ; . 294 28 3] 31 
Xylol_. ; : . 27 294 29 

Further work with the straight tube showed that especially at low 
temperatures the results were extremely erratic, and on this and other 
accounts it was abandoned. It would have been preferable, of course, 

; toemploy an Abel rather than a Pensky-Marten tester, but the former 
was not available at the time these particular tests were carried out. 

Further opportunity for observing the effect of different kinds of 
spark has since arisen, and the observations show that if the spark- 
points are approximately 1 mm. apart and a “ fat” spark employed, 
the flash-point determinations agree to 1°C. For example, the following 
figures have been obtained :— 

if it , ge 

eal Sample. ignit. Coil ignit. 

ption Kerosene extract ° ° 49 48 

was Xylene. ‘ ‘ ° 29 30 

ition Butyl alcohol . ‘ ° 38 37 

rked Amylalcohol . ° ° 44 45 

ened Anilin ‘ ‘ , ° 17 76 

. the Hexahydroxylene ; ° 1] 11 

sting Naphthalene ‘ ; ; 84 83 

: cut Turpentine : ; : 36 36 
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If the spark, on the other hand, be feeble, as usually arises when the 
points are made to approach closely, or weak from any other cause, 
the flash “ hangs fire ” several degrees, and when it finally occurs it jg 
very violent, giving a loud report. This is a sure sign that the true 
flash-point has been passed, the normal flash being a mild affair. |p 
this manner errors arising from an unsuitable spark are at once detected, 

Experiments have also been made to determine if the flash-point js 
affected by the number of sparks used. A Mexican kerosene having 
a normal flash of 31°C. was heated at 4°C. below this temperature, 
Twenty sparks were passed and the flash-point was then found to be 
31° C. after four more sparks (one test each 1°C.). In a similar manner 
forty sparks raised the observed flash 1°C. Heating the kerosene at 
2° C. below its flash-point twenty sparks showed a rise of 1°C. and 
forty sparks 2°C. Other observations were collected in performing 
duplicate tests. Thus observed flash-points on alcohol-benzene 
mixtures were: thirteen sparks 8°C., seven sparks 8°C., and on 
another sample seven sparks 11° C., one spark 12°C. Propyl alcohol: 
six sparks 25°C., three sparks 24°C., one spark 24°C. From these 
figures it appears that one spark per 1° C. temperature rise cannot 
introduce greater errors than 1° C. 

Some tests have also since been made with an Abel tester and the 
following figures obtained :— 


Sample. Abel. New apparatus. 
Kerosene extract . . ° 44°C, 49° GC. 
Kerosene American . . 55° C. 58° GC. 
Turpentine ° ° - 83°C. 36° 0. 
Anilin . e ° ° 76° CG. 76}° C. 
Naphthalene . ° - 83°C. 834° C. 
Butylalcohol . . . 37° C. 38° C. 


One reason for the difference between the results obtained with the 
new apparatus and the Abel or Pensky-Marten’s type of tester may 
be referred to here briefly. It lies in the fact that the ratio of the 
vapour space above the liquid to the volume of the latter is much 
smaller in the case of the standard instruments. In the Abel tester the 
ratio is about seventy liquid to thirty vapour, whilst in the new 
tester it is more of the inverse order. Thus more liquid has to be 
vapourised in order to give an explosive mixture, and in the case of a 
complex mixture this corresponds to an increased temperature. 

It follows from this that pure liquids should not show this difference, 
and, in fact, it will be noticed from the figures already given that the 
differences in the case of nearly pure bodies is very much smaller. 














CHEMI 


To vac 
PpuM 


Con 
in an § 
as shor 
tension 
spark - 
soldere 
short | 
Tectans 








‘S100. 


n the 
alse, 
it is 
> true 
In 
acted. 
int is 
aving 
ature, 
to be 
anner 
ne at 
. and 
rming 
nzene 
id on 
ohol : 
these 
annot 


d the 











CHEMICAL SIGNIFICANCE OF FLASH-POINT TEMPERATURES. 


©) 


aveser SHive — SS 


TO MAGNET 
TERMINALS 





TO VACUUM => 
pum 


sor ae 


THERMOMETER 


— 








<a 














o 


Fig. 3. 


Consists of bell-shaped glass tube which is supported by a shive as shown 
in an 8” X1” test tube. The thermometer passes down through the bell tube 
as shown, and is backed with thin tinfoil, making connection with the high 
tension terminal of the magneto and with the spark-gap arrangement. The 
spark-gap consists of two concentric cylinders of copper foil to which are 
soldered the 1 mm. nickel-wire points. The two cylinders are insulated by a 
short piece of glass tubing. Before raaking a test the bell is lined with a 
rectangular piece of filter paper, leaving a }” clear strip through which to 


observe the spark, etc. 





quantities of volatile bodies. The following figures show this :— 


Abel. New Apparatus, 


Flash of straight kerosene . 55° C. 59° C. 
Flash of ditto—0O-1 pentane . 50° C. 57°C. 


It should be pointed out, however, that the test with the new 
apparatus is probably much more nearly a criterion of the liquid from 
the fuel standpoint, the conditions as to relative air volume being of 
greater similarity than in the Abel or similar instrument. 

The method of using the new instrument is as follows :— 


(a) At Low Temperatures. The instrument is cleaned, dried, and 
assembled, a dry piece of filter paper being placed in the bell. 7 cc. of 
the liquid to be tested is run into the tube which amounts is just 
sufficient to saturate the filter paper and to cover the bell. Liquid S0, 
is now run into the outer tube and distilled away in the vacuum of a 
water pump as mentioned in a previous paper on the solubility of 
aromatic hydrocarbons in alcohol-water mixtures (Journal). The 
liquid is cooled well below the anticipated flash-point, and the vacuum 
then reduced or cut off so that the temperature after a time commences 
to rise at the rate of some 1°C. per minute. At each degree rise a 
spark is passed. The liquid may be stirred gently by raising and 
lowering the bell tube or by shaking the whole apparatus round. At 
the flash-point a mild explosion occurs, usually accompanied by a flash 
of pale blue flame.* The bell tube may jump a centimetre or two, 
hence a rubber shive is provided to prevent it breaking the containing 
tube. Bubbles of gas are forced out of the bell and the thermometer 
rises about 2° G. suddenly. After the flash the bell is found haif-full 
of liquid. 

It has been thought necessary to describe these indications in such 
detail as the flash is sometimes so feeble as to leave considerable doubt 
as to whether it has really occurred. 


(b) At Higher Temperatures. Up to the present no determinations 
have been made higher than can be reached with a water bath. The 
tube is immersed to a depth of 4” to 5” in a beaker of air-free water 
which is heated by a tiny flame, so a difference of about 2° C. is main- 
tained between the bath and the vapour space. This corresponds to a 
rate of temperature increment of some 1°C. per minute. The flash- 
point is dependent on the rate of rise to some extent as shown by the 
following figures on a kerosene : 


* In the case of alcohol the flash is practically non-luminous. 
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The new apparatus is, of course, much less sensitive to very smal] 
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small Temperature Observed 
difference flash. 
* 2° C, 403° C, 
3° C, 42°C. 
34° C, 42°, 42°C, 
4° C. 41°C. 


 hew In regard to flash-points at low temperatures the only figures we 
from MH isve been able to find in the literature are on various petroleum 
ng of Bf factions as under (Holde, Examination of Hydrocarbon Oils, 1915). 


BP. 50-60°C. 60-78°C. 70-88°C. 88-100°C. 100-115°C. 
Flash —58 —39 —45 —22 10 
2c. of The results found with the present apparatus are given in the tables 


just Munder. Many of the examples tested are as used by Mr. Ricardo in his 
$0, Bf recent work. For details of preparation of other bodies see Appendix. 


y of ig Kerosene— Initial Low High 
The Sample. B.P. Flash. Flash. R, R, 
uum American 1 ° . 165°C. 48} 764 “734 “797 
nces American 2 . . 166 49 717 "734 “797 
ise a Borneo ‘ . . 148°C, 42 68 -748 *890 
and E. Extract . ‘ . 170°C. 54} 83 *740 804 
At Mexican 1 . P . 140°C. 31 56 *736 “797 
flash ——— Ee “ - 189°C. 30 _— *735 
two, 
ning Petrol Spirits— 
eter Pratt’s No. 1 . . 57°C. —28 —_— -744 — 
-full i », (2nd sple.) 55°C. —32 — 7 -736 ‘811 
Red Line . : . 38°C. —27 —4 -744 814 
such Shell . m . . 68°C. —25 4 -738 814 
oubt A ‘ . . 84°C. —10} 16 736 -810 
B . ° . °C. —39 —14 725 804 
: E . ‘ . 57°C. —30 — 6 736 810 
The F — «© «- FO -—O —7% ‘136 “807 
: H ~ 6 « OA =—8 21 ‘739 807 
ater 
ain- Paraffins— 
we | Hexane (64-71)... 64°C, —26 1 134 813 
ry , Ricardo] . 62°C. —30} — 2% — 
, ’ » 2 + FC --—90 _ “721 _ 
——— . 64°C. —31} — ‘718 — 


Heptane (pure) . . 98°C. —1 17 734-783 
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Aromatics- 
































Toluene . ° - 109°C. 10 30 743 794 
Xylol ; ° . 138°C. 29 50 “735 787 
Naphthalene , . 218°C. 86 — *732 ~ 

- (2nd sple.) 215° C. 84 — 732 sin 
Amyl benzene. . 195°C, 69 — ‘731 -_ 


Hydro Aromatics, Naphthenes— 
Cyclo hexane. . 79°C, —17(solid) — *728 - 


Methyl cyclo hexane 
(H.H.T.) : . SC. —4 — ‘731 ~ 


Hexa hydro xylene . 118°C. 1] —- *727 - 
“Tetraline” (middle 

fract.) . ‘ . 201°C, 70 — 725 - 
Tetraline (crude) . . 132°C. 39 “= ‘770 - 

Alcohols— 
Methyl . ° - 4°CQ. -—1 32 809 
Ethyl ° ° - 78°C. 11 32 810 8 §=-870 
Propyl ° . - 95°C. 24 454 808 867 
Butyl ° . . 116°C, 38} 58 “801 852 
Amyl ° ° . 128°C. 44 66 ‘790777 
M iscellaneous— 

Industrial alcohol (5% benzol) 1 -- — ~ 
Alcohol motor fuel . 72°C. —12 17 “758 842 
Turpentine ‘ . 150°C. 38 55 736 1% 
Acetone . ° . 56°C. —18 2 ‘777 ‘831 
Bone oil . ° - 125°C. 52 -— “816 ~ 
Caoutchoucine . - 109°C. 26 — -783 — 
Ether (methylated) . 35°C. —4l ~~ 754 -- 

» (pure) . . 4°O —41 —27 ‘756-802 
Turpentine 

(fraction 156-58) . 36°0. = — -720 ~ 


It was intended at the outset, in the case of pure liquids, to plot the 
flash against the true-boiling-points. The ratio thus found was very 
close in all cases to 0-734. In the case of mixed liquids it was necessary 
to consider what meaning was to be attached to the term “ boiling- 
point.” On examining the figures obtained for mixed liquids such as 
petrols and kerosenes, it appeared that this ratio was obtained if the 


Benzene . ° - 80°C.  —12(solid) 10 ‘739 
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“first drop” temperature from the condenser end in an Engler 
distillation was taken as the boiling-point. This is to be expected 
seeing that with our type of apparatus some ,), to 1 per cent of the 
liquid must be evaporated before an explosive mixture is obtained. 
It was then found better to adopt the “ first drop ” temperature in all 
cases for the sake of uniformity. Of course, with pure liquids the 
“first drop” temperature should be equal to the true boiling-point. 
As a matter of practice, however, it is a very tedious matter to refine 
liquids to anything like this state of purity, and in general the drop- 
points of our “ pure” samples were seldom less than 1°C. below the 
mean boiling-point. For the figures, as already mentioned, reference 
must be made to the Appendix. 

This question of boiling-point range is closely bound up with the 
differences in the observed flash-points with various types of instru- 
ments. In the case of pure liquids where the range should be nil the 
same results should be obtained whatever the ratio of the vapour space 
to the liquid volume, as we have already shown. 

When, however, the liquid has a steep distillation curve great differ- 
ences may be noted ; this has the effect of raising the constant R as 
determined by the new apparatus. As an example we may take 4 
sample of “ tetraline ” (tetra-hydronaphthaline). 

The Engler distillation showed the following figures :— 


Drop 132°C. 1% over at 144°C. 2% over at 155°C. 
5% ,, 171°C. 10% ,, 184°C, 


This sample gave Abel flash 33°C. R=-756. 
New apparatus 39°C. R=-770. 


A middle fraction was distilled out coming over from 201°C. to 
03° C., and this gave a flash in the new apparatus of 70° C., correspond- 
ing to @ more normal ratio of -724 if 201°C. be taken as the drop 
temperature. We had not enough sample, unfortunately, to determine 
the true drop, but there is nct the slightest doubt it would have been 
2 or 3° C. lower than 201° C., giving the usual value of R, namely 0-736. 

We thus see that a very steep distillation curve, particularly with 
4 liquid of high molecular weight, is liable to give a flash temperature 
not agreeing with the drop temperature even where the latter is 
correctly determined. On the other hand, we have found cases where 
the error lies in the drop-point determination. We refer here to the 
well-known fact that many hydrocarbons and other liquids contain 
dissolved gases sometimes in very considerable amount. We have had 
samples of pentane having exactly the same distilling range as deter- 
mined by the Engler test, but the distillation loss, in one case 20 per cent 
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against 5 per cent in the other. The loss in refluxing commercial ethe, 
is well known in chemical works. During the course of the presen; 
work an attempt was made to purify hexane by distillation. Ty 
original material had a flash of —314°C. and drop point of 64°¢ 
As the fractionation proceeded it was found that the bulk materiy| 
separated retained the same drop temperature, but the flash-point rog 
steadily to —26° C., corresponding to a change in R of from 0-718 to 
0-734. This is undoubtedly due to the gradual separation of dissolve 
gases in the course of the purification, and there is no doubt that after 
extremely protracted fractionation R would have become 0-736. (It 
should be mentioned that a whole week had already been spent in 
endeavouring to separate out pure hexane, but a 64—71°C. fraction 
was the best we could do without resorting to the troublesome fuming 
nitric treatment.) 

Besides the liquids above mentioned, which are of a light character 
and therefore might be expected to retain some gas, we have also 
considerable evidence that such an unlikely body as commercial 
kerosene may contain such an amount of dissolved inflammable gas 
as to lower the flash-point by 12° F. Work is still in progress on this 
subject, but the case of an American kerosene examined by one of 
the Institution’s student members, Mr. Banks, showed the following 
figures. The drop-point of the kerosene was 171° C., corresponding 
to a flash-point according to the 0-736 factor of 129° F. In the Abel 
tester the flash, however, was observed to be at 118° F. After “ tossing” 
a sample of the kerosene the drop-point was found to be unchanged, but 
the flash had risen to 129° F. The same result was obtained by bubbling 
air through the kerosene when it was found that a loss of 0-1 per cent 
by weight was accompanied by the 11° F. rise in flash before noted, and 
further bubbling had very little effect. As a further proof of the 
gaseous nature of this dissolved material it was found that the addition 
of 0-1 per cent of pentane (boiling 32-44° C.) only lowered the flash of 
tossed kerosene by 9° F. In the new tester the flash shown was 129° F., 
showing that the amount of gas present, being below 0-1 per cent by 
weight, is insufficient to affect the flash-point as determined by it. Had 
the amount of gas been larger, however, there is no doubt that it would 
have affected the result. In general, therefore, there are two sources 
of error in considering the relation of flash-point to boiling-point. 


1. Steep distillation curve leading to high values of R. 
2. Dissolved gases leading to low values of R. 


Making allowance for these disturbing factors, therefore, what we 
have found is that the flash-point of any hydrocarbon is a linear 
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junction of its boiling-point. Stating this in the form of a law we would 
abmit that this research has shown : 

For any hydrocarbon or any mizture of hydrocarbons, not containing 
small quantities of volatile impurities, in contact with air, the limiting 
wmperatures at which explosive mixtures are formed are constant fractions 
of the initial boiling-point. 

The constant fractions for the two limits which are, of course, the 
lower and upper flash points are as follows :— 


Lower flash-point °K. =0-736 x Initial boiling-point °K. 
Upper ,, » “k.=0-800x  ,, ” ” 


In Fig. 2 the flash-points of various hydrocarbons have been plotted 
yainst their initial boiling-points, and it will be seen that within the 
jmits of experimental error the points, with few exceptions, lie on 
straight lines corresponding to the above equations. The exceptions 
appear to be in the upper limit only and are for heptane, xylol, and 
turpentine. The case of heptane has been thoroughly tested, samples 
being specially purified. The following values for the upper flash 
having been obtained, 
Heptane said to be of vegetable origin—19, 17° C. 
sia - mineral ia 17, 164° C. 


The other two cases have not been examined so thoroughly, but it is 
noteworthy that amongst the hydrocarbons examined by Ricardo, 
heptane and turpentine gave peculiar results. Turpentine is also 
remarkable in that its temperature of spontaneous ignition (Moore) is 
the same in air and oxygen. 

Passing from the pure hydrocarbons to the alcohols we find that 
these bodies on a similar graph fall on curves roughly parallel to the 
hydrocarbon curves. The alcohols thus preserve their individuality in 
respect of flash-point as they do in most other properties. It will be 
noticed, however, that whereas with hydrocarbons the ratio 


T flash- 
T boiling-point 
is a constant for all the bodies so far investigated, with the alcohols the 
ratio steadily diminishes. Thus if we take the lower flash-points there 
is an approximately steady difference of 25°C. in flash between the 
hydrocarbons and the alcohol curve. The constant R for the alcohols 
is thus given by the equation 


_=: 25 
R=-8 =0-736-+ 5 


RP BP 
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where T,,, is the absolute flash temperature of a hydrocarbon having 
the same absolute B.P. (T,,) as the alcohol in question. 

From this it follows that as the boiling-point of the alcohols rises 
the constant R approaches more and more closely to that of the 
hydrocarbon series. This, of course, is what might have been expected, 
seeing that as nin the paraffin and alcohol general formule becomes 
greater the less is the difference in composition or corresponding 
members of the two series. 

A small amount of work has been done varying the conditions jp 
the apparatus. The determinations under pressure or in oxygen are 
not easy to carry out and are rather severe on the apparatus, the 
“ flashes ” being sometimes rather violent. The following results have 


been obtained :— 


Flash-points in oxygen. 


In air. In oxygen. 
Mixed motor fuel . —12 —27 
PetrolA . . —10} —30 


The petrol gave a loud report and carbon was deposited. 


Flash-points under varying pressure :— 


A kerosene was taken having a flash-point under normal pressure 
of 31°C. Various air pressures were applied and the flash determined. 
The following results were obtained :— 


Press. mm. Hg. 


above atmos. Flash. 
0 31° C. 
51 33°, 33°, 334° C. 
76 34°, 344° C, 
102 35°, 36° C. 


If these results be graphed it will be found that the flash-point increases 
at the rate of 1°C. per 26mm. Hg. increase of pressure. The drop 
of this kerosene was 140°C. Calculating from the formula given by 
Young (Fractional Distillation, p. 14) the pressure difference for 1° C. 
change in B.P. of a hydrocarbon boiling at 140°C. we get 20 mm. 
Thus we find that a pressure sufficient to raise the B.P. by 1° C. only 


~ 


raises the flash by 


rte 0-77° C. This, of course, is our constant R. 
2 


It is interesting to note that the above value for the correction of 
flash-points amounts to 1-7° F. per 1” of mercury, the legal value being 
1-6° F. based on the experiments of Sir Fred. Abel. Some experiments 
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made in Germany gave the correction as 03°C. per 10mm. Hg. 
equivalent to 1-4° F. per 1°. 


On binary mixtures the foliowing determinations have been made :— 


EruyL ALCOHOL 
anpD WATER. 
Alch. 

Percent wt. Flash. 
99-6 11°C. 
98-1 114° C. 
97-2 13° C. 
95-9 144° C. 
94-9 15° C. 
93-8 154° C. 
91-9 16° C. 
91-0 17° C. 
90-0 16}° C. 
89-9 16° C. 
85-0 174° C. 
80-1 18}° C. 
75:4 204° C. 


Per cent 
vol. Ether. 


60 
80 
100 


Per cent 
vol. Benzene. 
0 
10 
20 
40 
50 
60 
100 








\LcoHOL— BENZENE—K EROSENE 
MIXTURE WITH ETHER. 


Flash. 
— 3°C. 
— 8°C. 


—124° C. 
—18}° C. 
—274° C. 
—33}° C. 
—37}° C. 


—40° C. 


BENZENE—HEAVY PETROL. 


Flash. 


—11}4°C. 


—12° C. 
—14°C. 
—15°C. 
—15° C. 
—14°C. 
—12°C. 


Bryary MIxtTuREs. 
95 per cent vol. alcohol and benzene. 
Percent vol. Percent vol. 


Alch. Benzene. Flash. 
100 0 16}° 0. 
75 25 — 8°C., 
50 50 —12°¢. 
25 75 —12°C. 
0 100 —12°0. 
ErHER—ALCOHOL 
(95 vol. per cent). 
Per cent 
vol. Ether. Flash-Pt. 
0 153° 
10 —10° 
20 —21° 
5] —284° 
50 —35° 
70 —38* 
100 —4]° 


BENZENE—TOLUENE. 


Per cent 
vol. Benzene. Flash. 

0 +10° 0, 
10 5° 0. 
20 2° CG, 
40 — 3°¢. 
50 — 5°C 
70 — 8°C 
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The above results on petrol spirit weze repeated, using Red Lin 
Petrol from which the fractions boiling below 83°C. were taken of 
and National Motor Benzole. The flash-point and distilling range the fa 


the liquids and three mixtures were determined. = 
Per cent Per cent 
vol. Petrol. vol. Benzole. Flash-point. 
100 0 —10}° C. 
75 25 —13}° C. 
50 50 —13}° C. 
25 75 —13°C. 
0 100 —11°C. 
ENGLER DISTILLATION. Benz 
25% 50% 75% rathe! 
Petrol.  Benzole. Benzole. Benzole. Benzole, § Shern 
Drop 83 77 76 75 77 give fi 
5% over at 95 85 82 81 80 obser 
0% ,, 98 88 84 82 82 & binar 
mw, . 104 92 87 85 84 BP of the 
30% 110 96 89 86 8% EF ova 
0% ., 115 101 92 88 86 Dv. 
5% . 121 107 95 89 86 BF intot 
60% - 128 115 100 91 87 * boil 
70% w» 137 124 109 95 89 that 
80% 145 137 123 103 92 Bf some 
90% ss 161 152 144 124 101 parab 
5% w» (174) 165 159 147 113 
Dry _,, 187 182 180 175 160 
It will be noticed that both in drop temperatures and flash-points the 
bulk of the lowering occurs with the first 25 per cent addition. Roya’ 


The amount of literature on the subject of the flash-points of any but § Amer 
petroleum products appears to be very small, and a few random refer- § Russi 
ences may be discussed here. Galic 

The figures given by Holde on petrol fractions have already been § Texa: 
given. If we take his boiling ranges as giving the initial boiling-point § Roum 
of the sample we find the following results :— 


In 

B.P. Range. Observed Flash. Cale. Flash. sor 

50-60° C. —58° C. —35 point 

60-78° C. —39° C. —28 distil 

70-88° C. —45° C. —2 flash- 
° °o 

88-100° C. —22°C. —& petro 


100-115° C. 10° C. 
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It is not easy to understand the last figure given unless —10°C. is 
meant, but no doubt the discrepancies in the other cases arise from 
the fact that on redistillation a drop-point considerably lower than the 
figure given would have been found. 

The following values are also given :— 


Alcohol Flash. 
Per cent. Hoide. Present Work. 
100 12 ll 
94 18 15} 
70 22 (224) 
50 26} —_ 


Benzol is given as —8°C. at 710 mm. pressure which appears to be 
rather @ high figure unless it contained some 50 per cent of toluene. 
Sherman, Gray, and Hammerslag (J. Ind. Eng. Chem., 1909, 1, 13) 
give flash-points of mixtures of oils, but unfortunately, like many other 
observers, give no drop-points. They show that a flash-point of a 
binary mixture cannot be calculated by simple proportion from those 
of the two constituents. This, of course, follows at once from this work 
on vapour pressure considerations. 

Dvorkovitz (Pet. Rev., 1905, 13, 7, and 24) made an investigation 
into the flash-point of various fractions from kerosenes. He gives the 
“ boiling-point ’’ and flash of various kerosenes. It is evident, however, 
that the boiling-point given refers to the first drop obtained, using 
some kind of fractionating apparatus so that the results are not com- 
parable with ours. The figures may be of interest, however. 


B.P. Flash Flash 

observed. calc. 

Royal Daylight . 112°C. 264° C. 10° C. 
Amer. Water White 125° C. 42° C. 20° C. 
Russian . ‘ 130° C. 313° C. 23° C. 
Galician ° ° 110° C. 274° C. 8° C. 
Texas . ° ° 120° C. 30° C. 16° C. 
Roumanian . ° 112°C. 26° C. 10° C. 


In a recent paper by Fred. H. Garner on the carbonisation of lubri- 
cating oils (J. VII, 26, 99, 1921) it is suggested that “The flash- 
point of an oil is probably related to its initial boiling-point or to the 
distilling ramge of the initial fractions. . . . It would seem that the 
flash-point, at least in the case of adjacent fractions of the same crude 
petroleum, depends on the temperature at which a definite vapour 
M 
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pressure is attained, and at this pressure the requisite concentration of 
vapour in air is formed to produce an explosive mixture.” 

In the paper are given some results of the distillation (under 4 mm, 
pressure) and the flash-points of various fractions of Texas and Pennsyi. 




































vania crudes. In order to calculate the flash-points from the distillation J Wh; 
figures certain assumptions have to be made with regard to the vapour preset 
pressure curves of these oils. The distilling curves are also very steep § ticulai 
so that flash-points would be too low as calculated from the drop- J sme 
point. By graphical interpolation, however, we have determined the polati 
temperature at which 1 per cent had distilled over and have calculated 
the flash-points from these. The results are given in the following table 
where the oils are arranged in ascending order of drop temperatures, 
Drop 1% Flash Flash 
temp. over. observed. calc. Diff. P 
50° C, 84° C. 100° C. 105° ©. +50, 9 BP. 
88° C. 102°C. 155° C. 124°C. —31°C, ff Y-3 
102° C. 116°C. 163° C. 139° C. —°c, § xB. 
112°C. 132° C. 168° C. 156° C. —irc. 5! 
114°C. 126°C. 174° C. merc. —asrc, ff &B 
169° C. 185° C. 210° C. 212° ©. + 2c, Yap! 
180° C. 188° C. 213°C. 215° C. +270 5 x 
195°C. wsrc. 223°C. irc. +.src. Ber! 
200° C. 232° C. 277° C. 262° C. —15°C. ee 
234° C. 260° C. 315° C. 292° C. —23°C. Rev 
a facto 
The agreement between the calculated and observed flash-points is Flas 





not perhaps very striking, but the special circumstance of the case must 
be taken into consideration. In any case the fact may be noted that § from 
the observed flash-points are in the same order as the observed drop-§ 41 | 
points. tapour 
In the last table, as has been stated, it was necessary to make certain 
assumptions regarding the vapour pressure curves of the oils. It is— Ata 
now necessary to consider this question of the vapour pressure relations § /2 mm 
of liquids. It has been found that for any pair of non-associated liquids f The: 


the following relation is approximately true :— for the 
of Pets 

T . T, ’ with w 

7 “7 =constant (Ramsay and Young’s Law). jot 

ment | 


Where T,+T, are the boiling-points on the absolute scale of the two Bs pres 
liquids under a pressure p, and T,’+T,? their boiling-points under f passed 
another pressure p*. It follows, therefore, that taking the boiling: Fh. 
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point as unit temperature a standard vapour pressure curve can be 
constructed which will fit all other hydrocarbons. This rule was applied 
in calculating from Garner’s results as above, using octane as a standard 
liquid. 

While this simple law is not quite exact it holds near enough for the 
present discussion. It follows from the above law that at any par- 
ticular fraction of the absolute boiling-point all such liquids possess the 
same vapour tension. The following figures taken by graphical inter- 
polation from the work of Young, Ramsay, and others show this :— 


PRESSURES IN MM. MERCURY. 





Naphtha- 

Hexane. Heptane. Octane. Benzene. Toluene. lene. 
B.P. °K 342 371 400 353 383 491 
Vap. press. 760 760 760 760 760 760 
9x B.P. °K 308 334 360 318 345 442 
Vap. press. 230 220 225 225 220 220 
8x B.P. °K 274 297 320 282 306 393 
Vap. press. 48 42 42 44 44 43 
736XB.P.°K 252 273 294 260 282 361 
Vap. press. 14-9 115 11-2 120 123 118 





Reverting to the rule for flash-pointe it will be seen that it is precisely 
a factor of this type which we are using in the equation. 
Flash-point °K = -736, boiling-point °K. 


From this it follows, therefore, that :-— 


At the flash-point all hydrocarbons possess (approximately) the same 
vapour tension. 


At atmospheric pressure this vapour tension appears to be about 
12 mm. for the lower flash and 40-50 mm. for the upper flash. 

There would thus appear to have been a good deal of justification 
for the Salleron-Urbain type of flash-point meter (Redwood, Handbook 
of Petroleum) in which the vapour pressure of a kerosene in contact 
with water was used as a measure of its inflammability. The results 
appear to have been disputed by Engler and others, and the instru- 
ment has dropped out of use. It was suggested that liquids showing 
4 pressure of not more than 64mm. (of water) at 35°C. should be 
passed as “‘ safe.” If the whole of this pressure were due to the liquid 
being tested it would only amount to a vapour pressure of 5 mm. of 
M2 

















































Sample. 
Benzene . 
Toluene. 


Xylene 
Naphthalene 
Hexane 
Heptane . 
Alcohols— 
Methyl ° 
Ethyl ° 
m-Propyl . 
m-Buty' . 
Amyl ° 
Ether ° 


pared. 


Methyl Alcohol 
Ethyl es 
Propyl ,, 
Butyl ‘ns 
Amyl Y 


Vap. press. at 
lower flash. 
mm. Hg. 


12-0 
12:8 
11-0 
10-6 

9-8 
11-4 


27-6* 


25-6 
19-7 
16-9 
13-5 
(18) 
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mercury and that at 95° F. As it would appear from the present work 
that the British regulations call for the vapour pressure to be below 
12mm. at 73°F. the Salleron-Urbain test would undoubtedly by 
much more stringent, and perhaps in the case of kerosene containing 
dissolved inflammable gas, a much better test than the Abel. 

The following vapour tensions have been extracted from published 
curves for the observed flash temperatures :— 


Vap. press. at 
upper flash. 


&|188& 


mm. Hg. 


The values given for the bodies on page 23 may also be com 


It is obvious that from the above figures we can calculate the 
explosive limit compositions of mixtures of these vapours with air, 
assuming Dalton’s Law of Partial Pressures to hold. 


Per cent by vol. of combustible vapour in 


Substance. Minimum. 


mixture 


Optimum (calc.). 


10-8 
6-2 
4-4 
3-4 
2-7 


Maximum. 
21-1 
10-6 

8-2 


* Taking 12 mm, as the normal figure for an unassociated liquid, those fo 
methyl and ethyl alcohol are 2°3 and 2°1 times higher. 
The degree of association of these bodies at the flash temp, is, according t 
W. C. Mc. C. Lewis, 2°4 and 1°6 respectively. 
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Benzene 1-6 
Toluene 1-7 
Xylol 1-4 
Naphthalene 1-4 
Hexane 1-3 
Heptane 15 
Ether 2-4 


Alcohol . e e 
Ether e e 
Pentane e ° 
Benzine ° ° 
Benzol . ° e 





Substance. Minimum. 


Burette. 
Alcohol e ‘ 3-9 
Ether . ‘ ‘ 2-6 
Pentane e e 2-2 
Benzine . ‘ 2-4 
Benzol ‘ ‘ 2-4 


Eitner. 
13-7* 
7-7 
4-9 
4-9 
6-5 
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Per cent by vol. of combustible vapour in 


3°9 


* Ejtner’s work was done with an alcohol of -8088 S.G. 15/15. 


2-6 5-8 
2-2 4-9 
1-9 4-2 
‘17 _ 
2-1 6-5 
1-8 4-0 
3-4 6-0 


The above are all the values we feel justified in giving, it being felt 
that vapour tension measurements should be made on the samples we 
are actually using. We hope to take up this work in the near future, 
not only en pure bodies but also on petrols. 
be compared with those found by Eitner (Ezplosionsgrenze Brennbaren 
Gase, 1902) who determined the limits of inflammability of various 
vapours in a Bunte burette with electrical ignition and in a glass 
cylinder of 62 mm. diameter, using flame ignition. The results were as 
follows, only the lower values being given :— 


The above results may 


Per cent of combustible vapour by volume 
in mixture. 
Cylinder. Present work. 


34 

2-4 

1-6 (cale.). 

1-4 (mean hex-hep.). 
1-6 


For the upper limits the following values were found in the Bunte 
burette (of 19 mm. diam.) :— 


Present Work. 
10-6 
6-0 
5-3 (cale.). 
5-2 (mean hex-hep.). 
5-9 
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Following Eitner’s example we can, of course, calculate the flame 
temperatures from the composition of the mixtures. LElitner’s results 
are given under, being calculated, using Mallard and. Le Chaterlier’s 
value for the mean specific heats of the combustion products and 
somewhat hypothetical corrections for loss by radiation, convection, 
conduction, and dissociation :— 


At lower flash. Eitner. Eitner recalculated. 
Alcohol . ‘ 1290° C, 1330° C, 
Ether . ° 960° C. 940° C. 
Benzol . ° 1310° C. 1310° C. 
Pentane ‘ 1250° C. 1270° C. 
Benzine ‘ 1400° C. 1450° C. 


On the right we have put the temperature as calculated from Eitner's 
own data for the heat of combustion and composition of the mixture, 
but using a mean figure of 0-36 for the heat capacity per litre of the 
products of combustion. It will be seen that the difference is not 
serious, especially when the uncertainty of the specific heat deter- 
minations is considered. 

Calculating flame temperatures from our own results in a similar 
manner, but using a mean figure of 0-37 for the heat capacity of the 
products of combustion (this being more in line with the recent specific 
heat work of Pier and Bjerrum (Zeit. f. Elektrochemie, 17, 731 (1911), 
18, 101 (1912); Zeit. Phys. Chem., 70, 513 (1912) ), the following 
figures are obtained to the nearest 50° C. :— 


Eitner. 
Methy] Alcohol 800° C. — 
Ethyl ,, 1400° C. 1290° C. 
Ether . . 1600° C. 960° C. 
Benzene m 1500° C. 1310° C. 
Toluene ° 1900° C. a 
Xylol . ‘ 1850° C. — 


Naphthalene . 2700° C. — 


Hexane ‘ 1550° C. 


Heptane ‘ 2050° C. 1450° C. (Benzine.) 


It is, of course, not pretended that the above figures are exact; an 
error of, say, 30 per cent would be not matter for surprise. The out- 
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standing high value for naphthalene will be noticed. This is borne out 
by the extremely brilliant light which is given by the electric spark in 
naphthalene vapour. 

The application of the foregoing results to the internal combustion 
engine is not difficult if we treat it in an approximate manner only. 
It will be obvious, of course, that a liquid having a low flash-point 
should give very much easier starting than one which has a higher 
fash-point. Should the flash-point be too low the mixture will be too 
rich to start, but this is not a danger which need be apprehended with 
any normal fuel under normal conditions. From the figures given for 
the upper and lower flash-points and the composition of the explosive 
mixtures worked out therefrom some idea of the explosive range of 
the various fuels can be obtained. It is evident that with the alcohols, 
particularly ethyl and methyl, a very much greater range of fuel-air 
ratio is permissible than with the hydrocarbons. Thus we find that 
whereas ethyl alcohol-air mixtures will ignite when there is 3-4 per 
cent of alcohol present up to 10-6 per cent, in the case of all the 
hydrocarbons the range appears to be from something like 14 per cent 
up to 44 per cent. 

In the cylinder of the engine the conditions obtaining, of course, are 
different from those in the flash-point meter in that the pressure is 
enormously increased by an amount dependent on the compression 
ratio of the engine. In an engine cranked by hand we will take as a 
first approximation that the P.V. relationship follows Boyle’s law, 
there being time for a good deal of the heat developed to pass into the 
cold engine. On this assumption we are able to calculate at what 
temperature of carburation the mixture in an engine with a given 
compression ratio will cease to ignite. The figures so calculated for 
benzol and for petrol are as follows :— 


Minimum carburettor temp. 
Compression. Benzol (drop 80°). Petrol (drop 60°). 


1 atmos. —13 —28 
= + 5 —ll 
3 « 16 —1 
4 , 26 +9 
ae 33 16 


It will be noticed that at a compression of 3 to 1 this temperature for 
benzol is about 16° C., that is to say, the average temperature of the 
air, whereas for an ordinary petrol the temperature is —1, thus giving 
a hint as to the very much easier starting obtained with petrol than 
with benzol. At 5 to 1 compression the minimum carburation pressure 
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for benzol is well above the ordinary atmospheric temperature, while 
with petrol it has only just reached the latter figure. 

It is probable that the above assumption in regard to the P.Y, 
relationship is only very approximately true. When running at ful] 
speed the relationship approximates more nearly to the adiabatic 
equation for an ideal gas for which the constant is about 1-41. It is 
possible, therefore, that in calculating the above results we should have 
taken an index of say 1-1 or 1-2, but as this appears to be a very un- 
certain matter we have not thought it worth while to carry out the 
calculations. There are some other aspects of the matter which 
are hardly worth while committing to paper, but which will 
probably arise in the discussion and may therefore be left until 
that period. 

In this research we have dealt with a large number of bodies in 
somewhat superficial manner as was necessary in seeking for a general 
law. Having arrived at an inkling of this general law it now remains 
to establish the case of each body in such a manner that it cannot be 
questioned. This means the purification of each body to the very last 
degree and determination of the boiling-point and flash-point, using 
more refined methods and thermometry. In spite of various defects, 
of which we are aware, it is hoped that this paper will be of real value, 
both from the theoretical and from the practical standpoint. 

Our thanks are due to Mr. E. Connolly for his ready help in connee- 
tion with this work. 

This work may be regarded as one portion of the extended investiga- 
tion which is being carried out on the physical properties of pure and 
mixed fuels at the joint request of the Distillers’ Co., Ltd., and the 
Fuel Research Board of the Department of Scientific and Industrial 
Research. We wish to take this opportunity of recognising the 
financial assistance rendered by them towards the expenses of this 
research, 


APPENDIX A. 
Notes on CHARACTER OF Liquips EMPLOYED IN THE WoRK. 


We are indebted for many of the special petrols, paraffins, etc., to 
the Distillers’ Company, Ltd., to Mr. Kewley and Mr. Marshall of the 
Asiatic Petroleum Company, and to Mr. Ricardo. The origin of other 
bodies is given below. 

All 8.G.’s are at 15/ 15° C. unless otherwise stated. 
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Edeleanu 
American. Mex. Borneo. extract. 
Specific Gravity . 801 784 853 0-899 
Engler Distillation :— 
American (1). Mex.(1). Borneo. Extract. 
Dop’C. . . 165 140 148 170 
SHoverr@°C. . 180 151 165 180 
10% - 6 185 156 171 182 
0% - ° 200 166 181 192 
0% 4 210 175 191 197 
40°, - ‘ 217 183 202 205 
50° ‘ 226 193 213 213 
60° - ° 235 202 224 221 
70° ™ ° 246 211 236 232 
a? = 257 226 249 245 
9 , 279 249 264 259 
95 s ° 299 269 282 _ 
Drs 315 290 306 300 
PETROLS. 
Pratts (2) Red Line Shell 
Specific Gravity . e 722 720 756 
Distillation :-— 
Drop C. , - 55 58 63 
5% over @ °C. . 73 76 83 
10% 78 82 90 
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Ricarpo PEtTROLS. 









Specific Gravity ° ° ‘783. «-724.—Ss -722—Ss«“ 7211 






Distillation :— 

lal ee 8 0 Oti«*TSti‘«é‘*T 

Over @ 60°C. per cent. -- 4 2 1 ~ 
soi, — 6 6 2% 
























with | 
AROMATICS. — 
Benzene.—As used in solubility work. 
S.G. 0-8832. M.P. 5-2° C. 
Distils 79-0-81-0° C. * dm 
Toluene.— fractic 
8.G. 0-8879. distilli 
Distils 109-0-111-7° C. 
Xylol.—As bought. 
8.G. 0-8665. This 1 
Distils 138-148° C. alcoho 
Amyl Benzene.—For this sample we are indebted to Mr. Radcliffe. 
S.G. 874. Hea 
Distils 195-224° C. severa 
Hypro Aromatics, NAPHTHENES, ETC. 
Cyclo hexane. : . §&.G. -781 Distils 79-88 
Methyl cyclo hexane (H.H.T.) » °415 as 95-103 He 
Hexa hydro xylene ; - » °445 » 118-123 sulphi 
Tetraline (crude) . , - » 132-230 tonat 
% pel 
ALCOHOLS. 
Methyl Alcohol_—A redistilled sample of “0-1 per cent acetone” 
quality was used. 
8.G. 0-797. As 
Distils 64-67° C. mils 
* Engler drop to dry point in each case. 
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Bthyl Alcohol.—“ Absolute” from dealers and 95 per cent vol. 
rom the Distillers Co., Ltd. 

The 8.G. of the strong used was -796. 

Distils 78— °C. 


Propyl Alcohol—From the U.S. Ind. Chem. Co. After 3 fractiona- 
ions through an 8-bulb column, drying with K,CO, between, a small 
middle fraction was separated, coming over between 964° C. and 
’ +. 

8.G. 0-811. 
Distils 95-100° C. 


Butyl Alcohol—From the Synthetic Products Co. After drying 
with K,CO, gave after two fractionations a large middle fraction 
coming over constant at 117}° C. 

8.G. 0-804. 

Distils 116-18. 


Amyl Alcohol—Commercial “ fusel oil”’ distilling 122-138° C. was 
fractionated twice through a special column of 6-section and a fraction 
distilling 129-32 collected. 

8.G. 0-818. 

Distils 128-132. 

This would appear to indicate a very large proportion of the iso- 
alcohol. 


PARAFFINS. 
Hezane.—Several samples of mineral origin were fractionated 
several times and a middle fraction collected. 


8.G. 0-689. 
Distils 64-71° C. 


Heptane.—From Pinus sabiniana. Washed several times with 
sulphuric acid raising anilin point from 69-5 to 70-1° C. Three frac- 
tionations through an “ Evaporator” Still head of 8 sections gave a 
% per cent middle fraction passing over 98-3-98-4° C. 

8.G. 0-689. 

Distils 98-99° C. 

Anilin point 71° C. 
A second sample reputed to be of mineral origin gave results very 
similar to the above which seems to throw some doubt as to the 
origin. 

















MISCELLANEOUS. 

Ether —A sample of “ undenatured”’ ether was used. 

S.G. -724. 

Distils 34-2-45° C. 
Bone Oil.— 

8.G. 0-930. 

Distils 125-235 (90 per cent over). 
Caoutchoucine.— 

S.G. 0-875. 


Distils 109-255 (90 per cent over). 


Acetone.—As bought. 
8.G. 0-800. 
Distils 50-60° C. 
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CoMPARISON OF FLASH AND Drop TEMPERATURES OF Heavy Ons, 


Most of the following figures have been supplied by Mr. Harold Moore, 
who adds the following note, “ Water affects both closed flash-point 
and also the Engler test as it raises flash by damping and causes 


lowering of ‘drop’ in distillation by steam distillation. 
is undoubtedly very great.” 


Closed Flash 


Sample. (Gray). Drop. 

Gas Oil Galician . . ‘ 63° C. 160 
a om ° e e 7 CS. 172 
Residue . ‘ ° ‘ 82° C. 194 
‘ ‘ ‘ ‘ ‘ 743° C. 136 
Gas Oil ‘ . . ° 72 C. 168 
‘ 993° C. 232 

= ‘ : a e 83° C. 149 
B.F. Tar Distillate ‘ ‘ 80° C. 137 
Paraffin ““ Homelight ”’ ° 28° C. 150 
“ Petrolite ”’ ; ‘ ‘ 40° C. 137 
Broxburn Oil ; ‘ ‘ 30° C. 140 
Digboi Fuel Oil . ‘ ‘ 66° C. 215 
Anglo-Persian . . ‘ 93° C. 225 
Chile . ‘ ‘ e ‘ 46° C. 185 
Horiz. R. Tar Oil . . 93° C. 190 
Vert. R. Tar Oil . . ‘ 88° C. 120 


Blast Furnace Tar 35° C. 








The effect 
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DISCUSSION. 


The President, in opening the discussion, said that Dr. Ormandy 
vas to be congratulated on the work which he had brought before 
the Institution that evening, and on the very admirable manner 
in which he had presented it. The question of flash-points, of 
course, was a very old one. One thing which had struck him in 
connexion with the comparison which Dr. Ormandy had given was 
that, in spite of the somewhat crude form of the ordinary flash- 
point apparatus, the results were on the whole in quite good agree- 
ment with the results which had been obtained with Dr. Ormandy’s 
more scientific piece of apparatus. It was only when liquids had a 
very mixed composition that there appeared to be any very great 
difference ; with practically pure liquids the difference was only a 
matter of a degree or two, so that although the ordinary flash-point 
apparatus was a purely commercial instrument it appeared to be 
fairly well adapted for ordinary laboratory use. 

Another point was the connexion between initial boiling point 
and first drop temperatures. He realised that it was a very difficult 
matter to get the initial boiling point of many of the liquids, especi- 
ally those having a mixed composition. In carrying out a large 
number of comparative tests with various forms of fractionating 
apparatus dealing with petrol, he had found that the determination 
of the first drop temperature was a very uncertain matter—that it 
depended very largely upon the type of apparatus used, and that 
the quantity of liquid used also had a very considerable influence 
on the result. That was to be expected, especially in cases of 
somewhat abnormal liquids ; for instance, a special type of petrol 
where the lighter constituents had been mainly removed, and were 
but little distilled until temperatures of 70 or 80° C. were reached. 
Some special aviation spirits were of that character. There the 
frst drop temperature—which, he understood, Dr. Ormandy 
regarded as the initial boiling-point—was a very variable thing. 
Even with ordinary everyday aviation spirits, using 5-bulb Young 
dephlegmators, temperatures of 25 or 30 degrees were obtained for 
first drop temperatures; but when the Engler method was used 
temperatures as high as 40 and 41 deg. and even higher, were 
recorded ; so that he thought that Dr. Ormandy’s results, valuable as 
they were, would have received even greater confirmation if it had 
been possible for him to adopt some method for determining those 
initial boiling-point temperatures with a greater degree of accuracy. 
The first drop temperature by the ordinary Engler method was 
too erratic without using at least 200 cubic centimetres. There 
was not enough vapour condensed to give the first drop until the 
thermometer had risen for some considerable distance above the 



















MISCELLANEOUS. 


S.G. -724. 

Distils 34-2—45° C. 
Bone Oil.— 

8.G. 0-930. 

Distils 125-235 (90 per cent over). 
Caoutchoucine.— 

8.G. 0-875. 

Distils 109-255 (90 per cent over). 
Acetone.—As bought. 

8.G. 0-800. 

Distils 50-60° C. 

































APPENDIX B 


is undoubtedly very great.” 


Closed Flash 


Sample. (Gray). 
Gas Oil Galician . e . 63° C. 
" a“ . " é 71°C. 
Residue . ‘ ° ° 82° C. 

- . ° . s 744° C. 
Gas Oil . ‘ . ‘ 72° C. 

a : ‘ ‘ . 994° C. 
as ; P ‘ ‘ 83° C. 
B.F. Tar Distillate ‘ ‘ 80° C. 
Paraffin “ Homelight ” ° 28° C. 
** Petrolite ”’ , ‘ ‘ 40° C. 
Broxburn Oil ; : . 30° C. 
Digboi Fuel Oil . ° . 66° C. 
Anglo-Persian. ° ; 93° C. 
Chile . ‘ , . ‘ 46° C. 
Horiz. R. Tar Oil . . 93° C. 
Vert. R. Tar Oil . P ‘ 88° C. 


Blast Furnace Tar 35° C. 





Ether —A sample of “ undenatured”’ ether was used. 


Drop. 


160 
172 
194 
136 
168 
232 
149 
137 
150 
137 
140 
215 
225 
185 
190 
120 
185 
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CoMPARISON OF FLASH AND Drop TEMPERATURES OF Heavy Ons, 


Most of the following figures have been supplied by Mr. Harold Moore, 
who adds the following note, “ Water affects both closed flash-point 
and also the Engler test as it raises flash by damping and causes 
lowering of ‘drop’ in distillation by steam distillation. 


The effect 


R= 
‘776 
‘773 
‘760 
850 
782 
‘739 
844 
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DISCUSSION. 


The President, in opening the discussion, said that Dr. Ormandy 
was to be congratulated on the work which he had brought before 
the Institution that evening, and on the very admirable manner 
in which he had presented it. The question of flash-points, of 
course, was a very old one. One thing which had struck him in 
connexion with the comparison which Dr. Ormandy had given was 
that, in spite of the somewhat crude form of the ordinary flash- 
point apparatus, the results were on the whole in quite good agree- 
ment with the results which had been obtained with Dr. Ormandy’s 
more scientific piece of apparatus. It was only when liquids had a 
very mixed composition that there appeared to be any very great 
difference ; with practically pure liquids the difference was only a 
matter of a degree or two, so that although the ordinary flash-point 
apparatus was a purely commercial instrument it appeared to be 
fairly well adapted for ordinary laboratory use. 

Another point was the connexion between initial boiling point 
and first drop temperatures. He realised that it was a very difficult 
matter to get the initial boiling point of many of the liquids, especi- 
ally those having a mixed composition. In carrying out a large 
number of comparative tests with various forms of fractionating 
apparatus dealing with petrol, he had found that the determination 
of the first drop temperature was a very uncertain matter—that it 
depended very largely upon the type of apparatus used, and that 
the quantity of liquid used also had a very considerable influence 
on the result. That was to be expected, especially in cases of 
somewhat abnormal liquids ; for instance, a special type of petrol 
where the lighter constituents had been mainly removed, and were 
but little distilled until temperatures of 70 or 80° C. were reached. 
Some special aviation spirits were of that character. There the 
first drop temperature—which, he understood, Dr. Ormandy 
regarded as the initial boiling-point—was a very variable thing. 
Even with ordinary everyday aviation spirits, using 5-bulb Young 
dephlegmators, temperatures of 25 or 30 degrees were obtained for 
first drop temperatures; but when the Engler method was used 
temperatures as high as 40 and 41 deg. and even higher, were 
recorded ; so that he thought that Dr. Ormandy’s results, valuable as 
they were, would have received even greater confirmation if it had 
been possible for him to adopt some method for determining those 
initial boiling-point temperatures with a greater degree of accuracy. 
The first drop temperature by the ordinary Engler method was 
too erratic without using at least 200 cubic centimetres. There 
was not enough vapour condensed to give the first drop until the 
thermometer had risen for some considerable distance above the 
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initial boiling-point. The necessity for taking into consideratig, 
the time factor was also of importance. 

The only other point to which he desired to refer was the impor. 
tant question of the dissolved gas in petrols and kerosenes. \; 
Harold Moore, in determining the vapour pressure of some liquids 
found that they often contained a good deal of dissolved gas, which 
had a great influence on the vapour pressure. He (the President) 
had had a similar experience, and it was not by any means due, a 
some had assumed, always to air, but there were dissolved hydr. 
carbon gases, which Dr. Ormandy had encountered. He hoped 
that Mr. Moore would be able to say something in that connexion, 
Before throwing the discussion open he would ask Dr. Ormandy’s 
colleague, Mr. Craven, if there were any points which he woul 
like to add to the description which Dr. Ormandy had given. 

Mr. E. C. Craven said that dealing first with the apparatu 
itself and the arrangement for evaporating liquid SO,, those of 
the members who had seen the arrangement which had been used 
for the solubility of the aromatic hydrocarbons in alcohol would 
know that Dr. Ormandy and himself had used two glass tube 
coming through the rubber stopper for leading in the liquid 80, 
and for attaching the vacuum pump. That was done for the 
reason that these tubes became cooled down and the moisture of 
the air condensed on them; there was a precipitation of frost, and 
some of that was liable to get into the inner test tube if one was not 
careful. In the present form they took in the liquid SO, below 
the mouth of the inner tube and therefore it could not enter. On 
the other hand, they got the defect that there was no point at the 
bottom of the tube from which boiling could take place, and one did 
not getsuch steady ebullition. Dr.Ormandy had not referred to the 

work which they had done on heptane and variation of flash-point 
with pressure. They had carried out the flash-points of heptane down 
to a pressure of about one-third of an atmosphere, and they found the 
results were in substantial agreement with the law which they had 
formulated ; the constant came out at about °725 instead of °736. 

With regard to the question of dissolved gases in hydrocarbons, 
those who had done vapour tensions would know that that was a 
very real bother indeed. As an example he would like to refer 
to what he had been told by a man with some forty years’ experience 
in the distilling of naphtha. They were at that time trying various 
methods of washing crude naphtha, and, before applying the 
sulphuric acid test for the efficiency of the washing to the distilled 
fractions, he had been informed that it was necessary to steam 
distil the naphtha and not to do it by the naked flame. He found 
that that chemist could tell from a dozen samples put before him 
which had been distilled by the naked flame and which had been 
done by steam. Those which had been distilled by the naked flame 





























cHEMICAL SIGNIFICANCE OF FLASH-POINT TEMPERATURES. 175 


over @ gauze Or & plate had a burnt smell, and that was evidence 
that a considerable amount of cracking did go on even at tempera- 
tures a8 low as the boiling-point of benzene and toluene, say 80 deg. 
up to 120°C. That cracking brought about the formation of gas 
which dissolved in the hydrocarbons, which passed over and gave 
it the smell which could be detected. 

The President had mentioned that perhaps Dr. Ormandy and 
he would have done better to have used efficient fractionation in 
doing the drop temperature of liquids. Their idea in doing the 
distillation test was rather to come as near as possible to the 
conditions which obtained in the flash-point meter itself. There 
they had practically no fractionation whatever, and their idea 
really was to carry out the distillation under those conditions 
with as little fractionation as possible, and in his humble opinion— 
not that he would set it up against Prof. Brame’s—they would 
have done far better to have lagged the Engler distillation flask 
rather than attach any form of dephlegmating apparatus whatsoever. 

Mr. Moore said that when making determinations of the vapour 
pressure of petrol and benzol (more especially of petrol) some two 
years ago, he had encountered the gases in solution in these fuels. 
There was little doubt that the gases were inflammable, and their 
presence raised the question of whether the gas is to be considered 
as a portion of the sample to be tested, or was it to be considered 
as an impurity which should be removed prior to testing the sample. 
He had taken the former view, namely, that the substance present 
in the tin was the sample, and should be tested as it was received. 
Morton had made a vapour tension apparatus and had extracted the 
gases most carefully. Their presence greatly affected the result. 
He, Mr. Moore, would have liked to have seen some further examples 
of the flash points of binary mixtures. Of course these flash 
points depended on vapour tension, and the vapour tension of mixed 
substances, if the substances were insoluble in each other, was equal 
to the sum of the vapour tensions of the two components of the 
mixture. In practice, with soluble mixtures, the vapour tension of 
the mixture was often greater than that of either individual con- 
stituent, but always less than the sum of the two. It should 
follow that many of these mixtures should have a lower flash point 
than that of either component. Unfortunately the examples given 
were not such as to demonstrate this. As benzol is generally 
present in commercial petrol it exercises an effect on the flash 
point of the petrol, thus interfering with the obtaining of a true 
benzol-petrol mixture curve. With mixtures of alcohol and petrol, 
which were not so easily soluble as benzol and petrol, the vapour 
tension curve reached a maximum, from which it may be assumed 
that the flash-point curve should give a minimum. He did not 
see the necessity for Dr. Ormandy’s explanation of the exceptional 














176 ORMANDY AND CRAVEN : AN INVESTIGATION INTO THE PHYSI00. 





flash point of methyl alcohol being due to the degree of association I; 
Was it not a function of the lower limit of flame propagation: 
It was known that with these products of high oxygen content, 
such as methyl alcohol, and also with substances containing large 
quantities of chlorine or nitrogen, a larger amount of substance 
was necessary, mixed with air, to give an inflammable mixtuy 
In the case of methyl alcohol a good deal more air was required ty 
form an explosive mixture than with ethyl alcohol. 

Dr. R. Lessing said the last point mentioned by Mr. Moor 
had also occurred to him, and he had been going to ask Dr. Ormandy 
whether the apparatus could possibly be adapted for varying the 
ratio of liquid space to air space above it. It seemed to him that ff fractior 
that should be possible either by raising the thermometer with ite ff the pur 
shield or by possibly lengthening the shield. That would, in the§ with ai 
first instance, give further opportunity of comparing that new Dr. | 
apparatus with the existing ones, and possibly lay down mor which 1 
clearly the lines on which the apparatus should be constructed § pixtur 
in the future, or it might point out the defects of the existing ones, the tru 
which, as had already been said, were, after all, comparatively small. § The fir: 
It would therefore allow—if that was desired, although he supposed ff by Eng 
for standard conditions it would not be desirable—for varying the} The 
conditions for different classes of substances. That ratio of air § ratios c 
or vapour space above the liquid space was also the one which he ffs para 
believed largely influenced the accuracy or otherwise, or the agree- §j greatly 
ment, of the determinations of drop temperature in Engler distil. J particu 
lation or in any distillation. He believed it was the common§ The 
experience of all those who had to do a great many distillations J point v 
that the first drop in hydrocarbons at any rate, and even in alcohols, ff their cl 
was always milky—always turbid—and therefore afforded a clear§ He c 
indication that it had something to do either with the moisture § drops | 
present in the liquid or with the moisture in the air above the liquid, § derived 
which therefore played the part of the steam in steam distillation. J small « 
He believed that that was a very important point. In a great § Benzol 
number of distillations which he had had occasion to carry out on fi this qu 
pure benzene and toluene and also on pure petroleum hydrocarbons, fare apy 
he had found that he obtained a considerable quantity in all cases Mr. 
of the lower boiling material in a turbid condition before the main J exist | 
distillate appeared. He put it down, in part at least, to the fact Band its 
of moisture being present in the air space above the liquid, and § several 
possibly also, where fractionating columns were used, on the walls § definite 
of the fractionating columns or in the structure of them. Hef The 
referred particularly to columns filled with contact rings, which § concei 
offered a very great surface for water to condense before distillation Jat the 
started. It would be interesting if conditions could be devised } ubsta: 
by which, in the case of pure substances, the first fraction could [confine 
be eliminated and the work done on the residue ; in other words, i 
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ifthe apparatus could be converted into a retort or still from which 
, certain fraction, say down to the 7c.c. which were required, 
ould be distilled off without allowing access of air. 

Dr. Ormandy said that that had been done. 

Dr. Lessing said he thought that should give possibly a means 
of excluding the lower boiling fraction. He noticed that the 
authors had gone through that same experience of finding that 
it took up a very considerable amount of fractionation and re-frac- 
tionation to free liquids of those low-boiling constituents which, 
in the end, determined the flash point. Not only was it a question 
of removing the liquid but it was also a question, in successive 
fractionations, of avoiding the re-contamination of the residue of 
the purer material with moisture, or possibly even gases or mixture 
with air. 

Dr. Thole agreed with the President that the temperature at 
which the first drop is obtained on distilling 100 c.c. of a complex 
mixture such as petrol or kerosene, is by no means an indication of 
the true boiling point of the hydrocarbons present in this drop. 
The first 1 per cent. of a kerosene with initial boiling point 140° C. 
by Engler test usually boils below 100° C. on redistillation. 

The marked effect on the apparent flash point of varying the 
ratios of liquid and vapour spaces in the case of such mixtures finds 
a parallel in vapour tension experiments where the results are 
greatly influenced by this consideration. Dissolved gases in 
particular affect these physical characteristics. 

The speaker asked if the effect of increased pressure on flash 
point was constant for all liquids, or whether it was dependent on 
their chemical nature. 

He considered that the visible moisture present in the first few 
drops of distillate from coal tar or petroleum hydrocarbons was 
derived mainly from the water dissolved in them, and only to a 
small degree from moisture on the interior surface of the flask. 
Benzol dissolves 05 per cent. of water and petrol about one-tenth 
this quantity, and the relative turbidities visible on distillation 
are approximately in this proportion. 

Mr. E. A. Evans pointed out that some connexion should 
exist between the temperature at which a substance will flash 
and its boiling point or vapour pressure has been anticipated by 
several workers, but it appears that the authors are the first to show 
definitely that some such connexion does really exist. 

The actual factor, of course, is of small moment, because it is 
conceivable that it is based upon the method which is recognised 
at the moment for determining the initial boiling point of the 
substance under consideration. Although the work has been 
confined to substances with a flash point not exceeding that of 
the boiling point of water, there is probably no reason why it should 
N 
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not apply to substances with a higher flash point. If the author 
have not already commenced experiments on such substances I fee] 
tempted to do so, because the method which is described in the 
paper for making the determination is one which appeals to me 
very strongly, for the very reasons which have been advanced in 
the paper. 

It is stated that care should be taken to restrict the number of 
sparks passed to a minimum in order to avoid using up the oxygen 
present in the combustion space. Has it been established that a 
serious consumption of oxygen does really take place by the few 
sparks that would be used even if a spark were passed with every 
degree rise in temperature. To overcome the possibility of the 
combination of the nitrogen and oxygen under the influence of 
the sparking, it would be interesting to know whether the authors 
have tried igniting the vapour with the red hot filament. 

The method for taking the low flash is very clearly described. 
but there does not appear to be any description of how the high flash 
should be taken. Perhaps we may have some guidance on this point. 

Will the authors kindly state how the gas was removed from the 
oil, as this problem appears to have given some difficulty. I should 
have thought that it would have been a comparatively simple 
operation to pump off the gas by placing the oil in a Torricellian 
Vacuum. Perhaps this was the method which was finally adopted. 
Moore, when he carried out his work on vapour tensions, adopted 
this method with good results. 

It is stated in the paper that a considerable amount of gas is 
soluble in the oil, in fact it is stated that the distillation loss may 
be as high as 20 percent. Does this mean that there was 20 per cent. 
of gas present ? In the case of Hexane the flash point was raised 
from —31}° to —26°, but there is no indication as to the amount 
of gas which was extracted. May we assume that it was at least 
5 per cent. and that the removal of 5 per cent. would account fora 
rise of 5}° in the flash point. As this immediately follows upon the 
statement that 5 per cent. loss was obtained in the case of Pentane, 
I fear that this cannot be so, because in the case of American 
Kerosene, which only contained 0-1 per cent., gave a difference in 
flash of 11°. 

Dr. Ormandy, in reply, said the President in his opening 
remarks had referred, as he had fully expected, to the question of 
the determination of the first drop temperature. It was, he thought, 
perfectly obvious that as the factor was a ratio in which the boiling- 
point was one end of it, it followed that whatever means were 
employed for determining the first drop temperature would only 
affect the nature of the constant. It might be *736 or it might be 
‘732 or something else, according as one altered the conditions 
which one laid down as being the conditions for obtaining the first 
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drop temperature. The Engler conditions as specified by the 
American Bureau of Standards, which were generally accepted 
elsewhere, were more or less known, and if carried out strictly 
according to the instructions they gave figures which were reasonably 
in agreement. They were pretty closely the same if carried out by 
two or three different people, so long as they stuck to the conditions 
laid down. As it took several degrees difference in the boiling-point 
to make a difference of ‘01 in the constant, it was quite clear that 
some point had to be fixed, and it was better, he thought, to take 
the best known and simplest method of determining the first drop 
temperature. Obviously the correct factor is the one which will 
be obtainable from a pure liquid, since here the first drop tempera- 
ture corresponds to the real boiling point, and this figure is °736. 
It was quite obvious that if one had a liquid where in 100 c.c. one 
had only got a very small amount of volatile, not enought to make 
a drop at the boiling point of the volatile liquid, it would be seen, 
when that liquid came into the instrument where there were 7 c.c. 
only, that one was not going to have enough of that volatile material 
to saturate the air inside the instrument so as to give an explosive 
mixture, and therefore the flash point would, of necessity, require 
that the boiling-point temperature should be higher; and in a 
sense those things corrected one another. The vapour pressure 
determinations might also be used as a means for calculating the 
flash point, but unfortunately vapour tension determinations were 
much more difficult to do. The errors in them were very much 
greater due to the presence of those dissolved gases, and in discussing 
that Mr. Craven and himself had come to the conclusion that the 
only way in which they were likely to get vapour pressures which 
could be brought into line for accuracy, even with the despised 
Engler first drop temperature, was to determine the boiling-points 
of those liquids under various pressures and plot them as curves ; 
in other words, to do an Engler distillation under various con- 
ditions of vacuum and to plot them all out as curves and then 
take an isobar through the first drop portion of the curve, and 
from that get the vapour pressures. 

Mr. Moore referred to the effect of gas in vapour pressure and 
the fact that he regarded it as being part of the substance, which 
was quite right looking at it from the point of view of its flash- 
point and its influence on the flash point from the user’s point of 
view ; that was to say, from the motorist’s point of view. Inthe 
particular research under discussion the authors were looking at 
it from the more strictly scientific point of view, and they wanted 
to get rid of that very small amount of gas, which in actual weight 
was almost infinitesimal, but which yet had a very great effect, 
both on the flash point and still more on the vapour pressure 


determinations. 
N2 
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With regard to the work on mixed liquids, he thought they had 
chosen three or four types of mixtures which gave all the types of 
distillation curves; that was, those forming eutectics—if they 
might use the word “eutectic ” for liquids—the boiling point of 
which was not the mean of its constituents, and those in which 
there was no action, and they referred in the paper to certain pairs 
of liquids which they were led to think would have very abnormal 
curves of vapour pressures and of ignition points. Those liquids 
they hoped to investigate, but the main difficulty was, of 
course, that of getting pure materials. They had determined 
benzol and petrol, and also alcohol and ether and alcohol and 
petrol. 

Dr. Lessing suggested that they should be able to vary the 
ratio liquid air space. They had done that to a certain extent, 
and in connexion with the work on the influence of gases they were 
going further into that matter, because, by determining the flash- 
point of certain liquids with a large air bell or a small air bell, the 
ratio of the flash point as determined under the two conditions 
would, he thought, eventually be one of the safest and the most 
accurate methods for determining the amount of gas which was 
contained in the liquid. That was forecasted in the paper, and 
investigations were being carried out in that direction. With 
regard to distilling liquid and removing, as it were, the first drop 
or two which might be due to gases and cracked products, and 
then re-distilling it with a view to getting the first drop temperature, 
he thought Mr. Banks was actually engaged on that very investi- 
gation when he left the laboratory that day. It required to be done. 

Dr. Thole also referred to the first drop temperature, and he 
had dealt with that point. He agreed with Dr. Thole entirely 
that the effect of those gases on vapour pressure determinations 
was exceedingly great, and the ratio of the amount of liquid which 
one used in the vacuum was a determining factor. For that 
reason he thought better results would be obtained by tackling the 
vapour pressure problem from another point, because, dealing with 
the boiling points, one could boil for a long period of time and 
eliminate the gas if it was going to be driven out at all by boiling. 
With regard to the other point raised by Dr. Lessing, about the 
milky nature of the first drop, he agreed with Dr. Thole that, 
although it was found to a very high degree in dealing with benzol 
and toluol and the aromatics, it was found to a very small degree 
when dealing with the naphthas and the petrols. 

On the motion of The President, the thanks of the Institution 
were accorded to Dr. Ormandy and Mr. Craven for their very 
excellent paper. 


The meeting then terminated. 
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The Systems Ethyl Alcohol—Water—Paraffins from 
+30° C. to —30° C. 


By W. R. Ormanpy and E. C. CRAVEN. 


Tax present paper is a portion of a research which is being carried 
out on the miscibility of petroleum products with aqueous alcohol. 
The work is being carried out over a wide range of alcohol concen- 
tration, and from +30° to —30°C. It has been found by experi- 
ment that no exact laws can be formulated for the solubility of 
such complex mixtures as petrol spirits. It has been thought 
better, therefore, to work on the pure constituents of such petroleum 
products and on artificially made mixtures thereof in order to 
arrive at a clear understanding of the exact effects of different 
types of constituents in regard to the alcohol solubilities. 





Petroleum spirits are usually regarded as being made up of 
various members of the following series :— 


(1) Paraffins. (2) Naphthenes. 
(3) Aromatics. (4) Olefines. 


For a list of the constituents which have isolated from or detected 
in petroleum spirits, reference may be made to Report No. 47 of 
the American National Advisory Committee for Aeronautics and 
to the usual textbooks. Analyses of various petrols will be found 
also in Ricardo’s report on his recent compression tests, etc., which 
appeared in the Automobile Engineer for April, 1921. By the 
courtesy of the Anglo-Asiatic we have been able to procure various 
samples of products as used by Ricardo in his tests, including hexane 
and heptane. These are not chemically pure, but it was thought 
better at this stage of the work to examine the bodies as actually 
employed in the detonation compression tests, etc. in order to 
find what connexion, if any, there might be between the order of 
solubility and the constants determined by such tests. 


There is a very great difficulty in obtaining samples of. pure 
paraffins in this country, so that in all we have only to work on 
four bodies so far, namely :—pentane, isopentane, hexane and 
heptane. At a later date it is proposed to bring these bodies to a 
reasonable purity by fractional distillation, etc., but the present 
degree of purity is indicated by the figures shown on next page. 
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The following table gives the published values by several observers 
for the boiling point and specific gravity of the bodies mentioned. 
Where the Specific Gravities have been given at temperatures other 
than 15-15°C. they have been corrected to that temperature, 
using the observers’ data wherever given, for the expansion or a 
mean figure otherwise :— 

















PENTANE. 
8.G. 
8.G. corretted B.P. Observer. 
to 15-15. 
06337 15-15... 6337 36-36-5 Perkin, J. fir prakt. chem. 
(2), 31, 488. 
0-6454 0-4 en 6310 36-3 Young, J.C.S. 71, 446. 
0-6484 0-4 - 6340 36-3 Timmermans, Bull. Soc. 
Chem. Belg. 1911. 
36-3 Thorpe Jones, J.C.S. 63, 274. 
. ieee 6329 36-3 i ae 
ISOPENTANE. 
06282 13-7-4 .. 0-6275 30-5-31-5° C. | Schiff, A. 220, 87. 
0-6387 0-4 ) 0-6244 30-4° O. Thorpe Jones, loc. cit. 
0-6086 30-4-4 ) | , 
0-6393 0-4 we 0-6249 27-95° C. Young & Thomas, J.C.S. 71, 
540. 
0-6393 0°-4 ) 0-6251 27-9° C. Biron Tables Annuelles Int., 
0-6200 20-4 ) 1910. 
a 0-6250 | 27-9°C. 
HEXANE. 
0-6681 10-8-4 .. 0-6641 69° C. Zander, A° 214, 165. 
68-95 Young, “ Fractional Distil- 
lation.” 
68-6 Friedel Gorgen C. r. 127, 592. 
0-6770 0-4 o« -6640 -— | Francis & Young. 
0-6603 2034 an -6660 _- Brihl B. 27, 1106. 
0-6739 15-15 .. -6739 — Perkin, loc. cit. 
0-6721 20-4 oo -6681 — Tyrer (Tables Am. Int. 1910) 
0-6872 0-4 } 6744 69-0 Biron (Tables Am. Int. 1910) 


0-6694 20-4 } 








Mean 68-9° 
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HEPTANE. 





a 





-7085 0-4 we 98-0 Warren (aus Steino)). 
0-6969 100-5 » (aus Azelainsaure), 
| 98-4 | » (Pinus sabin). 
















‘7006 0-4 ) 
“6886 149-4 > -6890 | Thorpe. 
6840 205-4} | 


















70190-4 98-2-98-5 | Francia & Young, J.C.S. 73, 
921. 
6885 15-15 .. ‘6885 | | Perkin, loc. cit. 
6814 25-25 -.. | 
“6920 10-4 we “6884 | Young, Se. proc. R. Dub, 
6836 20-4... Soc. (N.S.) 12, 446. 
98-4 | 
Mean .. | abt. 0-6885 98-4 








It will be seen that the samples as used for the alcohol solubility 
work show some differences from the values fof the pure bodies. 
Taking the pentanes—Lot | is too high in 8. G., probably owing to 
the higher boiling point products present. These bodies also 
contained a high percentage of gaseous or very low B. P. bodies, 
as was obvious from the high pressure developed in the containers, 








































and as is shown by the large losses in distillation which far exceeds 
the loss noted in distilling a liquid of similar B. P. ether, for example. 
The samples of hexane appear to be high in S. G., probably owing 
to the presence of benzene or possibly polymethylene compounds, 
as found by Young in similar distillates from petroleum. Heptane 
of vegetable origin is commonly reputed of high purity, but that 
from petrol can never be thoroughly separated from isomers and 
other bodies. 

The method of carrying out the solubility, ete. measurements is 
described in a paper entitled: “The systems benzene, alcohol, 
water from +30°C. to —30°C.” (Journal, Dec., 1921). 

The only alteration made has been in the form of the stirrer, 
it having been found that at the lower alcohol percentages the wire 
stirrer previously used is not satisfactory. Attempts have been 
made to use a mechanical stirrer, but it was not found easy to fit 
one in the confined space. At the finish a small perforated disc 
was used attached to the end of a thermometer. This arrangement 
appeared to give very satisfactory stirring, repeat estimations in 
the region of low alcohol content giving results in good agreement. 

Some idea of the relative molecular weights may be obtained 
from the following figures for the freezing point of mixtures with 
benzene. The tables give the per cent. by weight of benzene 
present in the mixture and the F. P. :— 
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%B. F.P.°C %B. F.P. °C. % B. C. 
9}-71 0-4 88-20 - 2-1 88-33 Te 
ure), 79-39 - 6-7 75-26 - $5 74-70 - 7 
68-62 12-5 59-55 —16-0 58°33 —16°3 
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47°57 —24-9 34-06 30-9 35-44 —29-9 
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zene 39-05 —24-8 34-17 28-8 34-06 —29-4 
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ETHYL ALCOHOL—WATER—PARAFFINS 


PENTANE. 
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HEPTANE. 
































Lor I Lor II Lor III 
% B. F.P. °C % B. F.P. °C % B. 
84-72 - 15 86-21 - 14 84-60 
70-54 - 71 69-24 - 7-9 69-45 
58-63 -12-2 52-22 -15-5 52-56 
46-65 -18-1 38-48 -23°3 38-03 
36-75 —24-3 30-98 -29:1 30°39 
29-36 -30-3 
SEPARATION DATA. 
The results obtained are given in the following tables :—Solubij a 
ties in Alcohol of 92 per cent. weight strength (94-7 per cent. vol.). 
The per cent. figures give the weight per cent. of the hydrocarbon 
in the mixtures which separate at the tempera@ures given :— 
aor 
Tasxe I. 
PENTANES. 
Lor Ill. as 
Lor I Lor II. (IsoPpENTANE). ° 
%e °C. 70 °C. % °c i 
78-79 -17-0 63-68 21-1 67-18 21:3 : 
67-96 -18-1 55-91 14-0 57-42 125 Be pt 
58-37 —22-8 45-62 4-9 48-07 43 Ly 
47-86 —30-6 39-47 — 5-0 40-69 - 540 : 
35-80 —-16-0 35-21 —142 : 
30-41 —22-5 31-59 —28-5 , 
26-70 -31 a. SF 
7 z 
PENTANE-BENZENE MIXTURES. : 
sa aa Ks — g 
1: 1 vol. P.-B. Mixt. 3:1 vol. P.-B. Mixt. 3° 40F 
% °C. % °C. 3° 
91-50 —.* oe 90-66 12-0 = 
82-43 -20-8 Solid se 87-05 - 7-2 z 
71-81 -21:7_ ,, oe 83-24 —25-0 EY 36 
62-35 -22-6 ,, oe 81-38 -35-0 N 
51-17 243 ,, t 
41-60 -26-8_ _,, , 
32-62 ~30-7 : 
- — — — —— Ute 
* Unless otherwise stated all separations are liquid-liquid. : 
HEXANE. 
Lor I Lor IL. Lor Ill lo 
° ° oC Cc 


moO au” 
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HEXANE-BENZENE MIXTURES. 



























































































———§— 3: 1 vol. H.-B. Mixt. 1: 1 vol. H.-B. Mixt. 
I. ; % ° C. % °C, 
PP. ° 85-96 25-5 87-56 12-5 
- 18 74:24 2-5 71-35 —19-6 Solid 
- $1] 67-60 - 55 62-13 21-1 ,, 
156 60-47 -10-3 51-96 -233 ,, 
23:8 45-92 ~19-5 42-14 -26-1 ,, 
~298 40-00 -26-2 32-54 ~30-4 
36-61 _~3l-4 
; : | 
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Lor I 
o% °C 
37-06 32-0 
29-93 21-9 
20-77 0-4 
16-69 -14-6 
14-91 —22-2 
13-27 —30-5 


HEPTANE 
Lor IL 

% °¢. 
36-43 29-9 
29-38 19-6 
22.36 3-2 
18-04 11-0 
15-17 23-1 
13-66 30-3 





THE SYSTEMS 






HEPTANE-BENZENE MIXTURES. 





"o 


so 
78-98 29-0 
61-20 14-3 
50-46 10-4 
40-74 3-9 
30-94 - 75 
20-74 —31-0 


3:1 vol. H.—B. Mixt. 
od ~ 


}: lve. H-B Mit 
o ° Cc 


6 . 
85-20 12-7 
73-11 -15-1 
62-78 -20-0 
52-34 —22-6 
42-17 -25-9 
32-30 -31-0 





PARAFFIN MIXTURES. 









Pentane-Hexane. 
o/ ° 


/oO 
61-63 3-8 
50-63 - 2-9 
43-15 - 97 
37-47 —17°5 
33-53 —24-3 
30-41 -31-3 


Pentane-Heptane. 
o °C 


1 
59-31 17-5 
46°37 10-6 
36-26 0-8 
28-70 —12-3 
25-02 -21-0 
21-66 —30-4 










Solid 





Lot I. used in each case and equal vols. each used. 


Hexane-Heptane. 
% *¢ 


/0 
50-36 
37-99 
30-95 
26-06 
22-40 
19-68 
16-97 


316 
210 
10-4 
0-0 
-10-1 
-19-1 
—29-9 














PENTANE. 








SOLUBILITIES IN ALCOHOL OF VARYING 
CONCENTRATION. 


The per cent. by weight of hydrocarbon in the mixture and the 
alcohol strength in wt. per cent. given :— 
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HEXANE. 














I —— Lor I. 
°c = -_ — - —— —-— —— _—- et —— 
30-9 30° C. -30° C 
207 % H A.8. % % H AS. % 
10 7 90 73 94-93 90 58 97 55 
0-9 79 63 93-82 80 53 97 84 
-10-9 69-49 92-55 as 69-41 97-44 
—20-5 59-95 91-43 . 59-31 97-16 
~30-3 49-47 90-68 ah 48-89 96-63 
Reeds 39-19 89-68 . 39-01 95-62 
29-53 87-65 ; 29-10 94-09 
20-02 84-59 : 20-13 91-63 
a 14-46 81-57 sy 14-91 89-26 
8-08 75-31 si 8-47 84-37 
96-95 95-08 
93-93 95-38 
91-23 95-09 
olid 88-36 94-76 
Lor IL. 
30° C. -30° C. 
% H. A.8. % °°, H. ASB. % 
7 80-02 94-34 - 80-35 96-94 
69-95 93-37 - 69-40 96-60 
ine. 57-73 91-81 oa 59-79 96-44 
C. 45-55 90-71 ee 50-29 95°91 
31-6 37-71 89-62 an 40-14 95-21 
21-0 29-33 87-87 ah 28-70 93-84 
10-4 19-98 84-66 on 20-35 91-74 
0-0 14-54 81-59 - 14-83 89-12 
10-1 8-13 74:77 on 8-47 83-58 
9-1 
9-9 96-96 98-35 
— 94-22 97-92 
91-60 97-37 
88-97 96-82 
Lor III. 
the 30° C. 30° C 
% H A >) % % H A 5 o 
79-39 93-05 80-49 7:38 
68-53 91-77 70-51 97-01 
— 58°75 91-24 59-67 96-45 
48-45 90-38 48-95 96-12 
%, 38-83 89-42 39-86 95-51 
16 28-55 87-49 _ 29-52 93-99 
12 20-00 84-63 i 20-35 91-65 
5 14-48 81-51 a 14-93 89-38 
3 8-24 75-14 <a 8-43 84-44 
” esti e nappa: ” 
0 96-89 95-18 97-24 98-18 
4 94-10 95-4: 94-39 98-56 
91-19 95-1 ‘77 
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HEPTANE. 
Lor I. 
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ETHYL ALCOHOL—-WATER—PARAFFINS. 


Lor ITI. 








30° C. —30° C. 

%H A.S. % %H AS. % 
80-16 94-03 81-01 97-88 
71-16 93-86 71-46 98-00 
60-40 93-35 60-97 97-96 
50-31 92-38 50-48 97°73 
40-45 91-53 40-24 96-98 
30-44 90-12 30-87 95-94 
20-52 87-43 21-09 93-90 
15-12 84-81 15-54 91-90 
8-62 79-44 8-72 87-53 
97-09 96-22 97-25 98-18 
94-41 96-44 94-71 98-835 
91-80 96-34 92-15 98-73 
89-43 96-12 89-85 98-62 


The sections of the tables ruled off indicate that a separate determina- 
tion was carried out at the higher strengths of alcohol. 


Conmcarraanon Mrevtane So wtas? in mixtens wae 


















































2. ae se + . 
———————_+--——_ 
As 
a t ta --p == — 
A dea — - 
- = a ¥ 
j “a— ~— 4a +——_ » ee | —_——— tea a 
” 

- | Me | ' | 
a | 
3 » pf — 

V/ 
i f/ | Seonvanrr y Heeravee sw Micom 
é 4 = OF VARVING SreE~ere a1 +300~0 -3OC 
N e 
. © -Ler/ 
: | | xX *éer2 
7 ; nant | & - ler 3 

| 

| } Unease Cunve + ~30°C 

} Leowsa Cuave* *30°C 
Ee 
| | 
| | 























Fie. 4. 


Since carrying out the above work we have endeavoured to 
purify the samples of hexane and heptane by acid washing and 
fractionation. In the case of hexane we were not successful in 
preparing any constant boiling fraction, but in the case of heptane 
a large fraction was isolated, coming over from -98-3-98-4° C., the 
bulk distilling in the first -05°C. The characters of this purified 
heptane were found to be :— 

8.G. 0-6887 at 15-15° C. 
B.P. 98-35° C. (760 mm.). 
Engler distillation drop 98-0°C. Dry 99-0° C. 
Aniline point 71° C. 
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These values may be compared with those given in the table a 
the beginning of the paper, and also with the values found by 
E. and R. Kremers (J. Amer. Pharm. Assoc., 1920, 9, 860-864) 


who found :— 











dy = 0-68288. 
8.G.= 0-6877 (calc.) 15-15° C. 
B.P.= 97-33° C. (760 mm.). 
The solubility figures for the purified heptane are as follows :— 
30° C. 0° C. 30° C, 
o% H. AS. % o% H. AS. % % H. AS. % 
91-18 98-17 90-59 98-30 90-97 98-23 
80-15 95-82 80-65 97-92 81-14 98-51 
69-42 95-35 69-29 97-98 69-37 98-25 
58-84 94-26 58-78 96-91 59-19 98-18 
49-44 93-47 48-68 96-41 49-52 97-99 
39-00 92-78 38-61 95-72 39-31 97-06 
29-28 91-16 29-57 94-36 29-54 96-28 
19-96 88-61 19-75 91-98 20-56 94-62 
14-25 85-94 15-42 90-27 15-24 92-93 
8-39 80-94 8-50 85-35 8-92 89-37 


It will be noticed that these figures hardly differ from tho 
given for Lot 1 and Lot 2 of the unpurified hydrocarbon. It is 
probable, therefore, that further purification would not affect the 
solubility to any measurable extent, and therefore these last figures 
may be relied upon as being the true values for the pure hydrocar- 
bons. This work does not lend itself, nor does it call for any 
great amount of discussion. The results will be of use when the 
subject of the solubility of petrol spirits in alcohol is considered. 
This we hope to do in the near future. 

The only similar determinations we have been able to find in 
the literature are those by Bonner (J. Phys. Chem., 14, 738-786, 
1910), who determined the solubility of hexane and heptane in 
aqueous alcohol at 0°C. Bonner’s results are compared with the 
present work in the tables below. The figures have been collected 
by graphical interpolation :— 


HEXANE at/ 0° C. 





40 50 60 


% Hexane in mixture .. 10 20 30 
Alcohol strength, 1‘&-~—., 83-2 89-0 91-9 93-5 94-6 95-0 
Zowe 82-1 88-1 91-0 92-6 93-7 94:3 
HEPTANE at 0° C. 
% Heptane in mixture .. 10 20 30 40 50 60 
Alcohol strength | o. 84-5 90-1 93-0 94-2 95-0 95-2 
9 


86-3 92-0 94-4 95-9 96-5 97:1 


In each case the first line of results given are Bonner’s figures. 
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It is probable that Bonner’s heptane contained a small amount 
of aromatic hydrocarbons, the solubility being much higher than 
that of our specimens. 

In the various figures we have given the solubility curves. The 
very much greater solubility of the Lot I. pentane will be noticed. 
It is probable that this is due to the dissolved gas or very light 
liquid which it contains. Other points in relation to this work 
will be obvious on reference to the curves and figures and need not 
be further discussed at this juncture. 

This paper and the previous note are a continuation of the 
work bemg carried out at the joint request of the Distillers Co., Ltd., 
and the Fuel Research Board of the Department of Scientific and 
Industrial Research, to whom we are indebted for the funds neces- 
sary for carrying out this work. In a further paper we hope to 
communicate the results of further work on these lines relating 
to petrol spirits, paraffins and other hydrocarbons, and to discuss 
in a general manner such conclusions as may be drawn from the 
work as a whole. 


The Sixty-second Meeting of the Institution of Petroleum 
Technologists was held at the Royal Society of Arts, John Street, 
Adelphi, W.C., on Tuesday, February 14th, 1922, Pror. J. S. 8. 
BraME, President, in the Chair. 

The following members of the Council were present : Sir F. W. 
Black, Sir Thos. Holland, Dr. Ormandy, and Arthur W. Eastlake. 


The Significance of the Interpretation of the Chemical 
Analyses of Seepages. 


By J. E. Hackrorp, B.Sc., F.C. 


I wave had the honour of being asked to read a short paper, which 
has for its subject-matter “ Petroleum,” and to include therein 
some remarks concerning “ English Oil.”” I hope, however, that 
I shall not try the patience of the gentlemen before me, if I make 
4 preliminary survey of the characteristics of oil and oil products 
in general, before approaching the question of the characteristics 
of English oil. I fear that in some respects I shall not be able 
to make the paper so scientific a treatise as may be required to 
satisfy the academic criticisms of some of our members, for I 
realise that I have not half so many notes or footnotes as I should 
o 
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have, but I have given due credit to others wherever possible 
and I trust that the remaining members will be satisfied whe 
I advise them that any omission in this respect is due to any cause 
but negligence. Wel 

I will attempt to show you this evening the various reason Wel 
and results on the path I followed in my examination of England 
as an oil-bearing country, which culminated in my being able ty 
predict the quality of such oil as would be found in England two 
years before the first well was completed. We 
Although it must often have been noticed that there ar We 





We 


different classes of oil in the world, yet it is remarkable that, general) We 
. ° 4 . ee ‘ We 
speaking, these classes are isolated in various localities; for example We 


we have one type of oil in Pennsylvania, another in Borneo, and 
another in Mexico. The question arises as to why we do notf{ The s@ 
obtain the Mexican type of oil in Russia, or the Borneo class of oil quantit 
in Mexico. Again, in some single fields the oils are of practicallyg We | 
the same nature and gravity, whilst in others, particularly those as the 
of salt-dome formation, very different varieties of the same class great 
of oil are found in the same field. What other can we do, then, thang seen at 
to announce as a truism that “ The quality of a crude oil varied origins 
with the local geological conditions.”’ On the flanks of a salt dome§f explain 
oils of a low specific gravity are often found, and in the case of th It is 
Mexican salt domes it is true that the specific gravity varies as theg tered t! 
thickness of the crust of the dome and the sulphur contents thereof enclose 

Here is a selection of analyses from a typical dome formation ness © 
in Mexico. On such a small dome it is obviously impossible tog conten 
suggest different modes of genesis for the different classes of oil absorb 


found thereon. causing 
In tho 

THE Satt Domes or THE IstHMUS OF TEHUANTEPEC. the bu 

place il 


The oil exploited in the Isthmus of Tehuantepec has been foun sils of 
in two formations :— 


traceal 

Class A.—The lenticular, sandy members of the Miocene maris. It is 
Class B.—The Dolomite, so called, which lies on the top of salt masse the oil 
in the different domes. oil of t 


Class A.—The oils occur in the marls themselves, both in thi on the 
immediate flanks of the salt domes and also at some distance away§ contalr 

Class B—In general, the dolomite rock, whether barren fractiot 
oil-bearing, contains free sulphur. This is practically absorb followi 
by the oil, and so results in oils of varying specific gravities being from « 
found on the same dome, according to the thickness of the dolomite this px 
which determines the quantity of sulphur absorbed in the differen 
localities. The dolomite itself is a limestone, containing up t 
2 per cent. of magnesium, and the free sulphur content of the o 
may be anything up to 20 per cent. 
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ANALYSES OF THE OILS FROM ONE OF THESE FIELDS. 


Class A.—Lateral Sands. 
Sulphur. Asphalt. 










Sp. Gr. Per cent. Per cent. 

Well 8. 602-605 ft. o - COC] . OO «wa 20 
reasons Well 8. 150-750 ft. 7 .. 0-871 ss oe’ <. 18 
) ° ¢ 2. anu 
a Well 12. 604-610 ft. a San ae 
nd two Class B.-—Dolomite. 

Well 1. Dolomite 5ft. .. .. 0-891 —— a 17 
re are Well 2. Dolomite .. O-974 i ve 65 
nerally Well 6. Dolomite, thin - a ees ae 3-46 - 10 
ample Well 10. Dolomite, thim .. .. 0-882 - 3-70 ae 10 

Well 19. Dolomite 14ft. .. .. 0918 -. 17 40 





do not{ The salt water obtained from the dome contained very appreciable 
8 of oil quantities of iodine. 

tically’ We find the sulphur and the asphalt content to vary directly 
’ those as the specific gravity, as illustrated by the analyses. From the 
e class great divergency in the sulphur contents of these oils, it will be 
n, than seen at once that it is impossible for them to have as many different 
ie origins as there are different oils. The theory put forward to 
dome§f explain the phenomena is as follows :— 

It is assumed that the oil, coming from one direction, encoun- 
tered the dome, and stored itself in the natural reservoir of dolomite 
1ereoff enclosed by the overlying marls. In those places where the thick- 
ness of the dolomite was appreciable, and where the sulphur 
content of the same is correspondingly large by bulk, sulphur was 
absorbed by the oil, resulting in the formation of asphaltum, 
causing a corresponding increase in the specific gravity of the oil. 
In those places where the dolomite was thin, and, consequently, 
the bulk of the sulphur present in it small, little change has taken 
place in the oil itself. It is then seen that, in an oilfield containing 
oils of varying gravities and properties, the variations are directly 
traceable to local geological conditions. 

It is generally found that on a large anticline the qualities of 
masse® the oil are practically the same, but, let there be a fault, then the 
oil of the faulted area is always different from the bulk oil existing 
n th@on the anticline, and is generally much heavier. It is found to 
awayg contain a much larger percentage of oxygen in the asphaltene 
sn om fractions than in the corresponding fractions of the oil. The 
orbedl following analyses of the asphaltene fractions of two oils, separated 
being from each other by 150 yards, the fault intervening, illustrates 


foun 


mite§ this point :— 
‘eren Well 1. Well 2. 
Per cent. Per cent. 
ip % Sulphur eer Ee a ae 
he Oj Oxygen (Diff.) ui .. 1:80 Ne 4:32 
Gravity of original oil ba . OC} .. 0-898 


032 
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This difference in quality between two wells, only 150 yanis 
apart, is a typical example of what I wish to infer by the state. 
ment that, “ The quality of the oil varies with the local geological 
conditions.” 

Should a number of samples of oil from one field be given to 
the chemist, he will be in a position from the analyses of these 
samples and/or seepages to accurately state the geological structure 
from which the oil has been derived, and also to state whether 
any of the samples were found on a faulted zone. Detailed 
examples I hope to be able to give at a later date with the permission 
of the Council. 

Another factor controlling the quality of the oil is the mode 
of its formation. I think all will agree with me in ascribing the 
reasons governing the different characteristics in different countries 
to be due to different modes of formation, meanwhile allowing 
that minor differences in the characteristics of the oil in any 
particular field are due to the local geological conditions. For 
example, let us question why there is so much sulphur in Mexican 
oils, and why does that type of oil stretch from the States to 
Venezuela, via the Gulf of Mexico, but with local aberrations ! 
I suggest the following theory to explain the facts. 

The outstanding features of Mexican oils are :— 


. The high sulphur content. 

. The asphaltic nature. 

. The minute nitrogen content. 

. The practical absence of aromatic compounds. 

. The multiplicity of the elements present in the ash of the oil. 


Cr me oo ty 


It is now my intention to take each of these items in order 
and to show that the facts conform to my hypothesis that Mexican 
oil was derived from seaweed. 


Land 2. The High Sulphur Content and the Asphaltic Nature. 


There is abundant evidence of recent accumulation of raw 
material, within the limits stated, and especially in the Gulf of 
Mexico. The alga Macrocystis pyrifera, according to D. R. 
Hoagland and L. L. Lieb (J. Biol. Chem., 1915, 23, 287-297) “is 
noteworthy for its huge size, and is said to have the widest distribu- 
tion of any known plant.” It is also stated that it is prolific in the 
Gulf of Mexico, and is commercially important in California. 

Asphaltic oils haye a high sulphur content, and, as we have 
shown above, there is an abundance of crude material for making 
the oil, it becomes a matter of interest to know whether the sulphur 
present was derived from the crude material, or whether sulphur 
was subsequently introduced into the oil. 
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Evidence shows that the raw material can supply the sulphur 
to any oil that may have been derived from it :— 


Macrocystis pyrifera. Iridacee. 


Per cent. Per cent. 
Total sulphur oe a na 13 a 6-9-8-45 
Sulphur in ash... ive _ 8 aa 4°85 
The sulphur in the ash corresponds to CaSQO,. 


There seems to be little doubt from the above figures that 
the asphalt was formed contemporaneously with the oil, and that 
all the sulphur compounds present in the oil are, indeed, integral 
parts of the oil. 


3. The Minute Nitrogen Content. 


Another point of interest centres in the nitrogen content of 
the oil. Mexican oil only contains 0-005 per cent. of nitrogen. 

The low nitrogen content of the Mexican oils is by no means 
surprising when one considers that alge possess little or no nitrogen 
in their constitution (about 0-1 per cent.). 

It is here interesting to note that Ralph Arnold, in his classic 
research on the Monterey shales, concludes that the oil contents 
were derived from marine animal matter. The oil from an oil 
shale at Santa Cruz in the Santa Maria district of California has 
a nitrogen content of 2-4 per cent., which, in my opinion, confirms 
his views as to the origin of such oil. 

It would then appear probable that a low nitrogen content in 
an oil indicates a marine plant origin. 


4. The Practical Absence of Aromatic Compounds. 


Alge contain neither cellulose nor nitrogen in quantity, and 
it is but to be expected that the oil should not contain aromatic 
decomposition products. The total aromatic content of Mexican 
oils is 0-003 per cent. 


5. The Multiplicity of the Elements present in the Ash of the Oil. 


It is well known that marine plants have the power of absorbing 
various elements from sea-water, and, therefore, if Mexican oil 
be derived from the former, the ash should be characterised by a 
diversity of elements. Silica, vanadium, nickel, tin, lead, calcium, 
magnesium, iron, aluminium, sodium and titanium are present. 
Gold is present in traces. The saline waters accompanying the 
oil as tested from wells from Dos Bocas, to the Isthmus of Tehuan- 
tepec, contain iodine. 

From the above evidence, it appears most probable that Mexican 
oil was derived from marine vegetation. 

If these premises and conclusions be true, it is quite understand- 









198 HACKFORD : THE SIGNIFICANCE OF THE INTERPRETATION 


able why similar conditions did not obtain all over the worl, 
Taking the cases of Pennsylvania and England, here we have , 
group of oils occurring in coal-bearing countries, and I woul 
suggest the mode of formation to be due to the decomposition of 
terrestrial vegetation, etc., as recorded in the Journal of Mining 
and Metallurgical Engineers, No. 163, July, 1920. I advance this 
theory as to the mode of formation and the nature of coal, comparing 
it at the same time with the mode of formation of oil. 

Consider a stratum containing a deposit of either marin: 
vegetation or animal remains. These substances, on decom. 
position, form oil and gas, which, if contained in a sandy bed, 
are swept away from their source, either by gravity or by water, 
as rapidly as formed, since neither the animal remains nor the 
marine vegetation contain cellulosic material capable of forming—f® 
a sponge-like mass, which would hold the oil in situ during the 
decomposition stage. 

Second, assume a buried depos:t of terrestrial vegetation. Decom. 
position takes place, resulting in the formation of oil and gas, a 
in the previously cited case. Owing to the cellulosic nature of the 
material, and its porous, spongy nature, the oil is kept in sity 
whilst the decomposition proceeds. Accompanying the decom. 
position there is probably a rise in temperature which, even if 
not above 100°C., is quite sufficient, as I have proved in the 
laboratory, to convert into kerotenes the oxy- or thio-asphaltenes 
that are formed simultaneously with the oil. As the process goes 
on, the kerotenes become less and less soluble, until they ar 
insoluble in pyridine or quinoline, and so they remain as a solid 
in the sponge-like mass afforded by the cellulosic structure of the 
terrestrial vegetation. 

It has been recorded by Hoagland and Lieb that the alge on 
which they made tests contained from 5 per cent. to 13 per cent. 
of sulphur. It therefore follows that those coals which contain 
algal ingredients in quantity (some undoubted cases of which White 
puts on record) a larger amount of thio-bitumens should be present, 
with a corresponding reduction in the oxy-bitumens, and the 
cellulosic residues. 

According to this theory, the amount of soluble bitumens shoul 
be greatest in peat, and should decrease through lignite, sub- 
bituminous, bituminous, and semi-bituminous coals to anthracite, 
which, indeed, is the case. It is interesting to note that, wher 
pure kerite deposits have been found, they have nearly always 
been mistaken for coal. It took ten years’ litigation to decide 
whether the New Brunswick oxy-kerite was coal or bitumen. 
Similar instances are given by L. L. Hutchinson in the case of the 
Jackfork Valley, the Impson Valley, etc. A similar case of a thio- 
kerite is a deposit in Nova-Zembla, which was reported to me 4s 
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suitable for metal smelting. Samples were forwarded, and, 
om analysis, yielded :— 





Per cent. 
Ash .. ak - ah ie an 0-72 
Sulphur... ee oe ae is 15-54 
Nitrogen .. we os de a 0-76 







The sample possessed a bright, soft lustre and had the appearance 
of anthracite. It was, however, totally insoluble in solvents, 
and, on heating, gave off little gas. No oil whatever was evolved. 
in fact, the sample behaved in every way like anthracite. The 
volatile matter was only 1-8 per cent. However, from a comparison 
with certain experiments then in progress, I decided that the 
material was a kerite. A subsequent geological examination 
showed the deposits to occur in small lenses in a metamorphosed 
deep-sea limestone, which contained none of the depositional 
associate of coal, and, in fact, confirmed the oil origin of the deposit. 
This is regarded as a pure sample of a thio-kerite. It is probably 
true that certain so-called coals from Columbia that have a sulphur 
content of 13 per cent. are simply thio-kerites. 

The main difference between these so-called coals, and true 























nm sity 

lecom.§ coal, rests in the fact that they possess no cellulosic residue, which 
ven im upon distillation can produce phenols. It is conceivable that a 
in they kerite produced from microscopic remains containing some cellulose, 
ltenes] but not in sufficient quantities to act as a sponge, would yield 





traces of phenols upon dry distillation. This would be but another 
connecting link between coal and petroleum. 

Petroleum oils such as occur in Nature are clearly not, derived 
fom coal; but, given a quantity of vegetal material, petroleum 
may be produced under a given set of circumstances if no cellulose 
is present, and coal will be formed if the vegetal matter contains 
sufficient cellulosic matrix to form a sponge. 

In the case, however, of such oils as those of Algeria, Borneo, 













ntain 
Vhite and some parts of Persia, where the striking characteristic of the 
sent. ™ territories is the presence of aromatic compounds, I regret that, 





up to the present, I have not completed the necessary research 
previous to advancing a theory, and practically the same remark 








1ouldf applies as to why Russian oils are conspicuous by the quantity 
sub. of naphthenes present, although there is little doubt in my mind 
vite | that they were formed by the oxidation of a straight chain series, 





as has been supported by the recent work on the transformation 
of petroleum oils into fatty acids. On reading such reports, it 
will be observed that, while the more easily identifiable acids so 
produced have been aliphatic, the authors have always inferred 
that the bulk of the acid products were naphthenic in Nature. 

All mineral oils contain aliphatic hydrocarbons, and in conse- 
quence the nomenclature is based on that fraction of the oil 
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present which forms its distinguishing characteristics. Here | 
divide oils into the “—e ing classes :— 

. Aliphatic oils. 

2: Aromatic oils. 

3. Naphthenic oils. 

4. Naphthylenic oils. 
Each of the above may contain either oxygen or sulphur derivative; 
of the same. 

1. An aliphatic oil is a mixture of aliphatic hydrocarbons, 

either saturated or unsaturated, and they may contain their oxy. 
or thio-hydrols, and/or ethers, e.g., Pennsylvanian oil. 





e.g. Oxy-asphaltic oil .. ee oe -. Pennsylvanian. 
Thio-asphaltic oil .. _ as -. Mexican. 

2. An aromatic oil is a mixture of aliphatic and aromatic 
hydrocarbons, e.g., Borneo and Sarlat. 

3. A naphthenic oil is a mixture of open and alicyclic hydro. 
carbons, which, generally speaking, are derivatives of hexahydro. 
benzene, ¢.g., Russian. 

4. A naphthylenic oil is a mixture of aliphatic hydrocarbons, 
and naphthylenic hydrocarbons, i.e., derivatives of a bridged ring 
series, ¢.g., Nigerian and Pechelbronn (Boussingault). 

It has been observed in Nature that a natural oil seldom 
contains large percentages of any two distinctive fractions 

















together ; one always predominates. 
Goses 
M 
Alithatic Aromatic L Naphthenic —Nabhthenylic 
Thios Oy, Trio (Ory Oj Thio 4Ony. Trio 6 Oxy 
Aliphatic romatic Math Phrenic  Nebhthenylo 
Tee # Oxy ied Ony Trie 4Oxy ThrotOny ’ 
T 
Petvolites 
+ . 
Kerifeo 
Ouy ! Tre 
Aiihhetic 
Avometic 
Nephrhenic 
Nobhfheny 





THe CHemicat CLAssIFICATION oF BrrumMENoUS SUBSTANCES. 


Gases. 

Gases are sub-divided under the same headings as above. 
Solid Varieties. 

All classes of solid bitumen are covered by the term “ Petrolite.” 
If soluble in carbon-bisulphide, they are called asphaltites, and 
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Here [ffi insoluble in this solvent, as kerites. These in turn are derived 
fom one of the classes of oil, mentioned above, and consequently 
may be oxy- or thio- in nature. The following diagram gives 
examples of the utility of the above method of classification. 
vati gXAMPLES OF THE CLASSIFICATION OF OILS AND PETROLITES. 
wn { Oxy-aliphatic asphaltite. 
Grahamite. — 
arbons Oxy-asphaltites Guy-coomatio asphaltite. 
ir oxy Macuspana seep. : 
: Oxy-hetero-cyclic asphaltite. 
; Asphaltites Russian seeps (solid). 
Thio-asphaltic asphaltite. 
| Thio-asphaltites { Gilsonite, Manjek. : 
omatic § & | . I ~ | Thio-aromatic and thio-hetero-cyclic 
a} varieties are at present unknown. 
hydro. b Oxy-aliphatic kerite. 
hydro. § * (Oxy-kerites ; Elaterite and Albertite. 
| ( Other two classes unknown. 
| Kerites 
rbons (Thio-aliphatic kerite. 
d ring Thio-kerites Wurtzilite and Impsonite. 


{Other two classes unknown. 


eldom § For example :— 
ctions § Grahamite-—Soluble in CS, Oxygen. Aliphatic base. Name, 
Oxy-aliphatic asphaltite. 
Macuspana Seep.—Soluble in CS,. Derived from aromatic oil. 
Name, Oxy-aromatic asphaltite. 
- Russian Seeps.—Soluble in CS,. Yields naphthenes and naph- 
thenic acids in quantity on dry distillation. Contains oxygen, 
but practically no sulphur. Name, Oxy-naphthenic asphaltite. 
Elaterite and Albertite——Insoluble in CS,. Contain oxygen, and 
are derived from aliphatic oil. Name, Oxy-aliphatic kerites. 
Wurtzilite and Impsonite—Insoluble in CS,. Contain sulphur, 
derived from an aliphatic oil. Name, Thio-aliphatic kerite. 


In a systematic and scientific search for oil it is the geologist’s 
function to determine whether the structural conditions are 
favourable for the accumulation of oil in quantity, and, by 
determining the depths to suitable reservoir beds, to afford a 
basis on which to make estimates of the cost of test boring. It is 
the chemist’s province to determine, from the available seepages, 
the character of the oil which will be obtained if the borings are 
successful, and so permit a judgment to be made in advance as 
to whether a small or large sum should be risked in boring. It is 
also the chemist’s province from such data, in such cases, to afford 
ite.” |checks on the geologist’s work, and by working in close co- 
operation with the sister science, to obtain a more complete 
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deduction from surface evidence than either science could obtain 
alone. 

The surface evidence of the bitumen will naturally be in eithe 
a gaseous, liquid, or solid form. Up to the present time no 
systematic work has been done along the line of the interpretation 
of the character of the oil from the analyses of natural gas. Thes 
analyses have not been carried by deduction beyond the simpk 
determination of the various constituents. For example, the 
methane value may vary between 30 per cent. and 90 per cent. 
the nitrogen value between 4 per cent. and 60 per cent. of nitrogen, 
and the hydrogen between 0-1 per cent. and 30 per cent., and yet 
no adequate reason has so far been put forward as to why this is go. 

The following tentative theory is advanced to explain thes 
analyses, and to show by means of examples how the data deduced 
may be employed in the identification of the associated oil. 

For the purpose of the discussion, we may take it that naphb. 
thenic and naphthylenic bodies are so closely associated that they 
may be regarded as one. Hence, following the lines of the 
classification of liquid and solid bitumens, we subdivide gases 
into three classes only, e.g. :— 


1. Aliphatic. 
2. Aromatic. 
3. Alieyelic (including naphthenic and naphthylenic). 


In the first place let us make the speculative assumption that 
oil is derived by the condensation of methane, and associate this 
assumption with the above classes of oils. 


1. Aliphatic Gases. 


If the methane has condensed to form an aliphatic oil, it is to 
be expected that a state of equilibrium would ultimately obtain, 
and that consequently the gas would contain a large percentag: 
of paraffin gases in which methane predominates. As the conden. 
sation process is a simple operation, and little fundamental chang 
has taken place (particularly in the nature of cracking, or of the 
formation of benzene rings), there should therefore be little, if any, 
free hydrogen liberated. 

If the gases and oil originate in organic matter, it is to be expected 
that the gas would still contain nitrogen, but not a very large 
amount. 

Were the gas and oil derived from marine vegetation containing 
little nitrogen and a large amount of sulphur, it is to be expected 
that the gases would contain little nitrogen and a relatively large 
amount of sulphuretted hydrogen. 
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9, Aromatic Gases. 


As the boiling-point of the lowest member of the series (benzene) 
is very much higher than the temperature at which the gases are 
usually evolved, it is unlikely that we should find quantities of the 
benzenoid series present. 

Some condensation of the methane has taken place to form 
the aromatic oil, which is, at the same time, a partially unsaturated 
body. We cannot expect free hydrogen to be present, for, had 
there been any, the likelihood is that it would have been used 
up in saturating the benzenoid ring, with a formation of a hexa- 
methylene ring. 

Aromatic oils are noted for their nitrogen content, and therefore 
we expect to find this element present in the gases. 

We should therefore expect to find the gas from an aromatic 
oil rich in paraffin gases, but lower than in the case of aliphatic 
gases, and to contain no hydrogen. 


3. Alicyclic Gases. 

As in the case of alicyclic gases, we cannot expect to find vapours 
of alicyclic bodies. 

As those bodies are formed by the hydrogenation of benezoid 
rings, there must have been a large excess of hydrogen present. 
It is, therefore, very likely that a large amount would remain in 
the free state in the gas. 

Nitrogen should be present as above, if the oil be derived from 
nitrogenous matter. 


Thio- 
Ali- Ali- Naphthylenic. Aromatic. 
phatic. | phatic. 


Mexi- Average Borneo,| 
can Penn- |Grozni. | Borys- | Borys- | Surak-| Mean | Burma 
Pot- syl- law. law. hani. | of Four) Aver- 
rero. | vanian.! Ana- | age. 
lyses. | 
» 4 % , A % % oO a 5 0 
CH, ..| 36 97-30 62-0 38-66 | 16-63 87-21 73-5 64-2 
CH. +4) 45°5 : 4:8 3-2 2-2 05 | — | 284 
N 1 2-02 7-0 43-74 | 625 | 529 3°5 4-0 
H - 0-00 4-0 13-4 15-2 - - — 
HS, 4-6 0-00 ~ - — — — 
co 14-0 0-28 18-0 0-6 3-0 3°86 | 22-4 | 09 
co 0-00 2:2 0-6 0-0 1-59 _ — 
0 trace 1-4 -- O05 | 25 


It will be seen by the accompanying analyses that the suggestion 
made in the hypotheses are confirmed. For example, we do not 
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obtain hydrogen in the gases derived from aromatic oils, wheng 
we do find it in those gases which are derived from straight nap). 
thenic oils. In lack of a better explanation the above theory has ik 
use, and I think this is an opportunity of requesting member 
to forward accurate analyses of their gases to the Institution together IF 
with the samples, so that our members have an opportunity o 
examining the same. A museum of different oils would also be ¢ 
great advantage. 





















Deductions. Gas from Mexican Oil. 






This aliphatic gas shows an unusually large amount of sulphur. 
etted hydrogen, and from this figure one would predict that the 
accompanying oil was of an asphaltic character—thio-asphaltic. 
Nitrogen is low, and hydrogen is absent. 

























Pennsylvanian Gas. Ozxy-aliphatic Gas. 


The percentage of paraffin gases is high. Sulphur compounds 
and hydrogen are absent, and hence it can be predicted that the §’ the 
accompanying oils are of an aliphatic character, and consequently fj ture 


any solid seeps should be of an oxy-nature, such as grahamite § ;.ojut 
(asphaltite), or if insoluble, albertite (kerite). oxy-ali 
Boryslaw. Galicia. Naphthenic or Alicylic Gas. = 


Hydrogen is present, and the total percentage of paraffin gases presen 
is low. The nitrogen is relatively high, indicating that the oils Hen 
are possibly derived from animal matter. As sulphuretted hydrogen J ategc 
is absent, it can be predicted that the accompanying oil would § would 


be naphthenic in character. merel 
Gas from Borneo. Aromatic Gas. ay 


The outstanding features are the absence of hydrogen and § pngli 
the presence of nitrogen and relatively small percentage of methane. J may | 


The oil accompanying this gas would be aromatic in character. analy 
Interpretation of Solid and Liquid Seepages. . hn 


These naturally afford a rather fuller basis for the application § the « 
of the method developed than gases. It will suffice at this stage § the a 
to take as an example a sample of a solid seepage found in the § or ev 


laboratory to possess the following characteristics :— has 
Per cent. labor 
Asphaltum at ee aa a .. 655 our « 
Asphaltenes - es os es -- 469 appr 
Diasphaltenes - - a - -. 186 If 
Oil and Paraffin Wax =i a - -. 345 valu 
Fixed Carbon oe aS a ‘ni -- 384 


"97 


Sulphur = os we ; “e .4 7°27 
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The oil and paraffin wax which have been so obtained by solvent 
nethods were then distilled in a vacuum, and were found to contain 

alphur compounds in quantity. The whole proved to be soluble 
'§, carbon-bisulphide, consequently one is able to conclude the 
following :—On account of the large sulphur content, and its 
wlubility in carbon-bisulphide, the seep is a thio-asphaltite. On 
account of the fact that the uncracked oil from the same contains 
sulphur compounds, of an aliphatic character in distinctive quan- 
tities, the substance is an aliphatic thio-asphaltite, and the under- 
ground oil will be similar in nature to that found in some parts of 
Mexico, of fair to medium quality, somewhat difficult to refine, 
and yielding only medium quality products. 

Asa second example, let us consider an asphalt of the following 
composition partially insoluble in carbon bisulphide :— 















Per cent. 
Asphaltenes me 7 a ie .. 970 
Oil and Wax ba _ a oi orl 3-0 
Sulphur “ ba sou 7 a oe 1-2 
ounds Fixed Carbon “i ; on . -. 83-7 


at the I The oil as-extracted by solvents was found to be of an aliphatic 
ently § usture. The sulphur content was low and the sample partially 
amite F isoluble in carbon disulphide. It would therefore be called 
oxy-aliphatic-kerite, and the oil from which it is derived would be 
similar to those oils found in England and Pennsylvania. The 
name “‘ Albertite”’ would be given to such a substance at the 
gases B oresent time. 
oils Hence it will be seen that by placing a solid bitumen in its chemical 
gen § category we derive commercially valuable information, which 
ould F could not be ascertained were the bitumen physically classified, or 
merely classified under the chance name of the discovering 
prospector. 

It is useless for me to recapitulate the numerous analyses of 
and J English oils and seepages that have been found in the past. I 
ane. § may say I have had most of them for examination, and like other 
analysts found them to be aliphatic base oils containing traces 
of naphthenes. 

It has been shown in this paper how we determine the class of 
ion § the oil existing underground as yet undrilled, by interpreting 
age § the analyses of such visible evidence as solid and liquid seepages, 
the f or even gas. The following up of this method of interpretation 
has entailed the establishment of many new and interesting 
laboratory methods, the results of which enable us to amplify 
our deductions as to the class of the oil present, and to give an 
approximate forecast of the percentage of its constituents. 

I fear, gentlemen, that I have already taken up too much of your 
valuable time, and should it give you pleasure I would propose, 
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at a subsequent meeting, to read a paper describing these ney 
methods. The interpretations of the results would enable anyone 
to predict with a large degree of accuracy both the nature an 
an approximate analysis of the subterranean oil in bulk whic 
might be present, from a purely chemical investigation of th 
surface seepages 


The President said the paper had been most suggestive jp 
showing how from surface indications the character of the ij 
underneath could be prognosticated. There were several pointe of 
very considerable interest, particularly the suggestion which the 
author had made with regard to the important part which cellulose, 
acting as a sponge, played in determining the formation of coal, 
and in its absence the formation of oil. He did not think at present 
the evidence which could be produced from the composition of 
natural gases was altogether to be relied upon. The author had 
emphasised the point that he put the matter forward in a very 
tentative way. Most of the analyses of natural gases were to be 
regarded with a certain amount of suspicion, in view of the different 
results which had been obtained in the analysis by liquefaction 
methods and the ordinary gas analysis methods. A very different 
composition, especially for the higher hydrocarbons, was shown fora 
gas when examined by liquefaction methods. In none of the 
analyses given in the paper was benzene found. The author had 
pointed out that benzene was a liquid hydrocarbon, but it was 
known that benzene was carried by coal gas in appreciable quan- 
tities, not only benzene but toluene also; and it would be an inter- 
esting thing to ascertain whether the application of liquefaction 
methods would show these hydrocarbons to be present in certain 
natural gases; if so, it would bear out the author’s hypothesis. 
The author had started out by a promise that he was going to say 
something about English oil, but his references to English oil had 
been almost as scanty as its production. 

Sir Thomas Holland said the subject was not exactly in his 
line, but he would obey the President’s order to open the discussion, 
as he might at any rate be able to act as a catalytic agent to the 
brains of the chemists present, who would be able to deal with the 
main subject of the paper itself. The author had led the meeting 
at such great speed over what many people regarded as very thin 
ice that one was left rather breathless. The audience had been 
translated from Mexico to New Brunswick, taken across the Atlantic 
to the ice-covered slopes of Nova Zembla, brought back again to 
the tropical forests of Columbia, and then taken across to Algeria, 
Borneo, Persia and Burma; they had been deluged with sulphur 
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compounds, some with very long names, and all of them of very 
strong odour, and had been told that questions about which the 
geologists made so much fuss were subjects that could be settled 
at once by the chemist. On the second page of the paper the 
author said: ‘‘ Should a number of samples of oil from one field 
be given to the chemist he will be in a position from the analyses 
of these samples and/or seepages to accurately state the geological 
structure from which the oil has been derived, and also to state 
whether any of the samples were found on a faulted zone.” The 
author had then settled without much hesitation the most vexed 
of all questions, namely, the origin of oil, about which there had 
heen more controversial gas evolved than ever came out of the 
best well struck. Then, as a mere accidental aside, the author 
had told them exactly why a deposit of vegetable matter at one 
time was transformed into petroleum and at another time turned 
into coal. Now, those questions, on which so much controversy 
had been expended, had been settled as incidents by the way before 
coming to the main subject of the paper itself. Before he went 
further he would like to say that, in spite of those remarks, the paper 
was of the kind that was required in an Institution like that of the 
Petroleum Technologists. One need not agree with the author's 
conclusions, and might criticise his methods, but the paper was one 
that had stirred the thinking capabilities of every member, and 
in that respect was going to give rise to discussion which he hoped, 
as one of the members of the Council, would lead to a fulfilment 
of the offer which the author had made to give further contributions 
on the separate phases of the subject he had touched. After the 
first ten minutes of listening to the paper he feared that some very 
heavy stresses were being applied to the configuration of his simple 
faith ; he was afraid it might be stretched beyond its elastic limit, 
and he felt inclined to ask the author to stop in order that those 
points about which there appeared to be insufficient information 
could be more fully discussed. He would like, for instance, to go 
over more deliberately the table of the composition of natural 
gases again, not because he doubted the work of the chemist, but 
because a natural gas, before it emerged at the surface—like the 
average story which started as a simple statement—grew and added 
to itself other gases by the way. It was only necessary to look at 
some of the analyses to wonder for a moment whether one was 
really dealing with an ordinary natural gas of the petroleum type, 
or a gas that had been mixed, like a river obtaining its materials 
from different tributaries—on the way. Nitrogen might be taken 
as one constituent. If it were possible to be quite certain that 
the nitrogen in a natural gas really indicated the nitrogen content 


_ of the oil from which it was derived, one would begin to think, with 


the author, of the great significance of nitrogen in the seepage gases ; 
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but natural gases were obtained with percentages of ni 
even up to 80. The well-known Dexter gas in Kansas, noted for 
its high percentage of helium, contained nearly 83 per cent. of 
nitrogen. Then again, some of the gases of Texas contained 
between 35 and 40 per cent. of nitrogen, which is obviously jn 
excess of the nitrogen in oils from the same fields. The author 
had given several short ways of settling questions on which those 
who were geologists must have spent a great deal of time and 
money; he was able to detect from simple analyses whether 
samples had come from a faulted zone, and had offered another 
paper on that question which would contain fuller details. [t 
was of the very greatest practical importance if one could in an 
field find out from the nature of the oils being obtained whether 
the ground was faulted or not. The decision and precision of the 
author’s conclusions tempted him to ask now for a certain amount 
more information. For instance, the author said that in those 
Mexican oils which were associated with salt dolomite domes, the 
sulphur content varied according to the amount of dolomite avail. 
able in the reservoir, and in referring to those reservoirs he said 
that, “in those places where the thickness of the dolomite was 
appreciable and where the sulphur content of the same is corres. 
pondingly large by bulk, sulphur was absorbed by the oil, resulting 
in the formation of asphaltum, causing a corresponding increase 
in the specific gravity of the oil. He also said that “in those 
places where the dolomite was thin, and, consequently, the bulk 
of the sulphur present in it small, little change has taken place 
in the oil itself. It is then seen that in an oil-field containing oils 
of varying gravities and properties the variations were directly 
traceable to local geological conditions.”” Looking at the five 
illustrations quoted, one would like to know what the result would 
be if there were more of them. He should like to know whether the 
correspondence between the thickness of the dolomite and the 
amount of asphaltum and sulphur in the oil was supported by 
further examples, because everybody must know that there must 
be to some extent an accidental relationship between the two. 
We could not expect a strict and constant ratio between the thick- 
ness of the dolomite bed and its sulphur content. Any geologist 
could give half a dozen other ways in which accidents might occur 
to interrupt the uniformity of that law. Later on the author 
seemed to show that no such secondary absorption of sulphur was 
necessary at all, because in quoting the composition of Macrocyslis, 
the postulated source, he said that it contained sulphur enough in 
itself to account for all the sulphur in the Mexican oil. He went on 
to say: “ There seems to be little doubt from the above figures 
that the asphalt was formed contemporaneously with the oil, and 
that all the sulphur compounds present in the oil are indeed integral 
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parts of the oil.” Had he detected here an inconsistency in the 

per! Did not the author say in one place that the quantity of 
sulphur in the oil was dependent on the thickness of the dolomite 
reservoir, and in another place that the oil had sulphur in its 
composition as part of its original sin? As the paper was read, 
it gave him the impression that there was an inconsistency between 
the two statements. One knew, of course, that dolomite, gypsum, 
salt and oil were constant companions, nearly always being found 
together, and in many fields where the oil was markedly deficient 
in sulphur. He was therefore inclined to ask for a good deal 
more evidence before accepting the rule that the thickness of 
dolomite corresponded to the amount of sulphur in the oil iteelf, a 
rule one would accept almost with joy, if true. In the same way, 
with regard to gases he should have liked to see a larger number 
of gas analyses quoted, especially with regard to the nitrogen, 
because he felt that a great deal of the meteoric water that went 
down carrying nitrogen in solution affected the composition of the 
gases afterwards brought to the surface mixed with petroleum gases, 
in quantities sufficient to make them the predominant partner of 
the mixture. He had only raised those points in the hope that 
the author might be able to give some information about them. 
He felt that the paper that had been read was one that members 
could not effectually discuss at once, but was a paper which should 
be read carefully and thought over first. 

Mr. Lessing said that very much more work would have to be 
done before the author’s hypothesis could be properly assimilated. 
He thought the most remarkable feature of the paper was that 
the author showed there was no one particular origin of petroleum. 
Oil had been formed from the geological deposits which happened 
to be in one particular spot, which of necessity must differ in one 
region from another. The author had gone back to the evidence 
to be obtained from the original raw material from which the oil 
was likely to have been formed. That line of investigation was 
one recently adopted by a number of workers in this country, 
who had made it their business to investigate the origin of coal, 
and from that point of view he ventured to suggest that the two 
problems were closely allied. He was very pleased to see that the 
author had paid great attention to the ash of the oil. The ash of 
oil was so minute in quantity that it usually escaped the investi- 
gation even of very careful chemists. If, on the other hand, 
it was possible to glean more information on the inorganic con- 
stituents of the oil, and compare that with the inorganic constituents 
of the plant or animal matter from which it was likely to have been 
obtained in the first instance, taking into account the alteration 
which the mineral constituents had gone through in the course 
of being deposited in or removed from the oil, then it might be 
P 
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possible the author’s theories would be very much mop 
strengthened. With regard to the morphological character of th 
original raw material, unfortunately in the case of oil things wen 
very much worse off than in the case of coal, because microscopical 


information was not available. The oil had been exuded anj Mit, 


homogenised. One thing he wished to suggest was the possibility 
of bacteriological action in the decomposition of the original ray 
material and the formation of oil. The question of gas was a very 
important one, and not too much reliance should be placed on gases 
collected on the surface. Ordinary coal gas from a comparatively 
nitrogenous substance, coal, only ‘contained about 1 per cent. to 
1} per cent. of the nitrogen which was originally present in the coal, 
Unless the substances from which the oil was made were very 
highly nitrogenous and hardly carbonaceous, such quantities as 
those quoted were not very likely. 

Dr. J. A. L. Henderson said that it was extremely difficult to 
attempt to discuss such a paper when it had been so rapidly 
presented, and in the absence of adequate previous opportunity 
for its perusal. It struck him that the author really wished to 
put forward his views tentatively as a matter of interest to the 
Institution, which would be followed up and thus lead to valuable 
results. As the paper stood, however, it appeared that some of 
the author's conclusions would have to be supported by very 
much more widespread and detailed work in the field and laboratory. 
The paper leaves the impression of immature generalisation and 
assertion ; but although many of the facts presented are not new, 
the treatment is ingenious. 

The oils and gases which are found within the Paleozoic rocks, 
covering an enormous time-range, and characterised, so far as they 
are known, by their paraffin base, as compared with the oils in the 
younger sediments of relatively small time-range, with different 
chemical characteristics, warrant a much closer investigation than 
appears to have been accorded them. It is to be presumed that 
during the long Paleozoic period, at least an equal, if not much 
greater, quantity and variety of animal and vegetable life, and 
variety of physical and chemical conditions capable of affecting 
the composition of the oil prevailed, as during the subsequent and 
shorter period. 

The nature of the material from seepages such as occur in England 
and throughout the world, has always served as a good guide in the 
past as to the general character of the relative oil to be expected 
in situ, and the present paper deals with an interesting elaboration 
of this type of investigation. 

In attempting to prepare a simple scientific classification of 
bitumens the author is to be congratulated, and although some of the 
nomenclature may be called into question—for instance, the advisa- 
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bility of using the word “‘ Petrolite ”’—it is a step in the right direction 
owards much-needed standardisation of terms. Careful treatment 
of this subject is, however, desirable, and the cordial co-operation 


Dr. W. R. Ormandy said he regarded the whole matter from 
the standpoint of the chemist, and would say that if the author 
had given nothing more than the systematised outline of the 
subject of the asphaltic bodies he would have deserved very well 
of the Institution. Those chemists who received occasionally 
asphaltic bodies for examination realised what a hopeless sort of 
. [proposition they had been up against. Nobody knew the nomen- 
cature ; the same thing was called by half a dozen names in half 
a dozen countries. It was, indeed, certain that the views the 
author had put forward could not by any means be considered 
as adequately sustained by the amount of information he had 
given. He joined in the hope of the Vice-President, that the 
author would give a paper at an early date putting forward further 
supporting views. He believed that the author had worked 
out methods for chemical examination of asphaltic bodies and 
oils, which were the result of a vast amount of labour and time, 
and it was valuable that he had promsied to put those methods 
forward. 

Mr. Gordon Pitt said there was much in the paper about which 
he would like to join issue with the author. The implied promise 
the author had given of going further into the subject and standing 
up again for criticism, if necessary, was a very attractive pro- 
position. At the same time, the author’s own statement of the 
object of the paper was: “I will attempt to show you this 
evening the various reasons and results on the path I followed 
in my examination of England as an oil-bearing country,” and 
this he had done. It was a historical fact that two years or so 
before the first oil-well was started in England the author did 
predict, and, as it turned out, accurately predict, the kind of oil 
that would be got out of it. The author was right, and, therefore, 
there must be something in his hypotheses and theories, however 
incompletely they might have been put forward that evening, 
and however incompletely they might have been backed up by 
unquestioned fact. 

Mr. Redgrove congratulated the author on the scheme which 
he had put forward for the analysis of the petrolites. The author 
had put forward a theory which had to be proved to the utmost, 
but it was only theories that would stimulate experimental 
research. 

Mr. Hackford, in reply, said he would firstly confirm Mr. Pitt’s 


statement that the object of the paper was to show the path he 
P2 
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had followed in obtaining certain results. He had formulate 
various theories in times past, and had proved their utility jy 
practice by the truth of the predictions made from the analysy 
of the seepages. 

With regard to the scheme of the nomenclature, that was 
itself a subject matter for more than one paper. The paper he 
had read that evening was intended to be supported by furthe 
evidence and figures which he had, and which he was prepand 
to show in sections, in connection with the various points which 
had been raised. It was a matter that had far-reaching results 
for it was well known that seepages themselves had been derived 
from oils, and, therefore, if the chemical analysis of them wa 
correct, it was possible to know the class of oil beneath ; conse. 
quently, it had a very great bearing on the subject of oil in 
general. Another point which was raised by Sir Thomas Holland 
was the question of the various formations in which the oil occurred, 
It was a truism to say that the oils varied with the local geological 
conditions. It was the same oil once upon a time, and if it had 
altered it was due to some cause, and that cause was the geological 
condition. If an oxidised oil were found in the middle of a non. 
oxidised or non-asphaltic oil-field and the sample had oxy-asphaltic 
bodies in it, then one would know that some particular influence 
had intervened. The fact that oxy-asphaltic oil was found in a 
field that so far had only given non-asphaltic oil, showed that 
there was a fault there. If there was sulphur in irregular masses 
in a small area it was possible to say, from analyses of the seepages, 
that that was not the same mother-oil as that which would be 
obtained in a district where there were large quantities of oil on 
a gentle anticline extending for miles. Chemical analysis proved 
that there was a difference in the oils underneath; it was an 
interpretation of those results that he had wished to bring forward 
that evening. 

With regard to gases, it was true that nitrogen might be met 
in many ways and hydrogen might get in, but the fact remained 
that gases from wells producing oils of aromatic content did not 
contain hydrogen, whereas the gases from wells producing oils 
of naphthenic content did contain hydrogen. 

Supposing a gas was evolved containing 6 per cent. of 
sulphuretted hydrogen one would know at once that it was 
obtained from an oil that contained large quantities of sulphur, 
whereas if it was an oil containing 94 per cent. or 97 per cent. of 
methane, and practically nothing else, one could have no hesitation 
in saying that the gas was evolved from an oxy-aliphatic oil. 

With regard to the ash in Mexican oil, naturally it was necessary 
to have a theory in trying to prove the main contention that the 
seepages were derived from the oils, and that if there was any 
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impurity in the ash of the seepage the same impurity wus in the 
ash of the oil, 

Dr. Lessing had spoken of the different origins of oil, and he 

i with him on that subject. One could not assume that 
oil was formed from any one material anywhere. It was due to 
the local geological conditions both now and in the past, and 
what happened in the past decided the nature of the oil that was 
produced to-day. 

The President, in proposing a hearty vote of thanks to the 
author for his paper, expressed also the thanks of the Council, 
and hoped that it was an indication that at an early date some of 
the other papers the author had promised would be brought 
forward. 

The motion was carried unanimously, and the meeting then 
terminated. 








Note on Solubility of Benzene in Weak Alcohol. 
By W. R. Ormanpy and E. C. CRAVEN, Members. 


Ix a previous paper we discussed the solubility of various aromatic 
bodies in aqueous alcohol.* The figures were not extended to the 
lower strengths of alcohol in which the hydrocarbons are soluble 
to a less extent than 10 per cent. by weight. From the fuel point 
of view these lower limits of solubility are not of great importance, 
as one would not consider the use of a highly-hydrated fuel. From 
the Excise standpoint, however, the question is of more importance, 
seeing that it is necessary to ensure that by a mere dilution, a 
potable alcohol cannot be prepared from a fuel mixture containing 
alcohol. The present note deals with the solubility of benzene in 
alcohols of lower strength than were employed in the work already 
mentioned. The determinations were carried out by methods 
similar to those used in the previous work, the only change found 
necessary being more effective stirring. The best method is 
undoubtedly shaking, but as this was inconvenient a mechanical 
stirrer was tried. This was unsuccessful, it being found difficult 
to arrange the burettes without fouling the stirrer. Eventually 
it was found that a disc of perforated zinc attached to the bottom 
of the thermometer made a very effective stirrer. 


* Journal, December, 1921. 
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The next difficulty was in determining the point at which tur. 
bidity occurred, this being very feeble. Eventually readings wer 
taken at the point where faint turbidity was distinctly visible anq 
at the point where the liquid became quite clear. The mean of the 
readings was taken as being the true equilibrium point. The 
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differences became greater with decreasing alcohol strength. Deter- 
minations were made down to about 20 per cent. alcohol strength. 
For the solubility in water we have accepted Moore and Roaf's 
figures (Proc. Royal Soc., 1905 (b), 77, 96) in the case of benzene. 
In the case of petrol A a rough determination was made. 
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The collected figures read from the smoothed curves are given 
in the table below :— 





Strength Benzene. | Petrol- 
Alcohol. ——__________—_____—_—__—_—— Petrol A. 
% wt. oc. 15° C. 30° C. 18° C. 15° C. 
0 0-08 O15 — 0-004 = 
5 0-08 O-15 - a one 
10 0-10 0-16 - : —_ 
15 0-13 0-19 — - me 
20 0-16 0-24 - - oo 
25 0-24 0-38 _ — 

30 0-38 0-62 1-32 0-01 0-06 
35 0-62 1-02 1-88 0-04 0-12 
40 1-14 1-80 2-64 0-09 0-24 
45 1-80 3-00 — 0-20 | 0-45 
50 _ ons — 0-42 — 





The figures give the per cent. by weight of hydrocarbons in the 
equilibrium mixtures. The superior solubility of benzene will be 
noticed as compared with petrol spirit, although the latter is the 
A petrol as used by Mr. Ricardo in his recent work, and therefore 
contains considerable amounts of aromatic hydrocarbons.t 

In Fig. I. are shown the solubility at 15° C. of benzene, petrol A 
and petrol—benzene mixture (1:1 volume) in alcohol of varying 
strength. The great reduction in the solubility on the addition of 
petrol will be noticed. It follows from these figures that on diluting 
an alcohol containing benzene to 35 per cent. strength at ordinary 
temperatures the aqueous alcohol will contain about 1 per cent. of 
benzene, and this can be reduced to below 0-12 per cent. by extracting 
with a small proportion of petrol spirit. The 0-12 per cent. of 
hydrocarbons left in cannot be detected by tasting, so that benzene 
alone is rather poor as a denaturant. 

Putting aside the question of the use of petrol spirit it is of 
interest to consider what is the largest amount of benzene which 
can be separated from an alcohol mixture by dilution. Suppose 
100 parts by weight of alcohol to be taken and a few per 
cent. of benzene added. Further, let the alcohol be diluted 
n times, i.e., the original 100 parts by weight be diluted to 
100 n parts with water. mn May be called the factor of dilution. 
The strength of the diluted alcohol will then, of course, be 100 n per 
cent. by weight. The solubility of benzene in alcohol of this 
strength can be obtained from the tables already given. If this 

S per cent. the total amount of benzene remaining in solution 
in the diluted aleohol = S x 100n. 





+ For the composition and other data relating to this petrol spirit see 
Ricardo, The Automobile Engineer, March, 1921. 
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Calculating this quantity for various degrees of dilution ye 


get the following figures :— 





Strength of Aleohol 45%, | 40% | 35% | 30% | 25% 20% | 15% | 10% | 50, 
Factor of dilution .. 2-22 | 2-50 | 2-86 |3-33 |4-00 |5-00 | 6-67 10 °| 96 








Sx 100n— 0°C. .. (4-00 | 2-85 | 1-78 | 1-27 [0-96 0-80 | 0-84 | 1-00 | 1-69 
15°C. .. 6-66 | 4-50 | 2-97 [2-07 | 1-52 | 1:20 | 1-26 | 1-60 | 3.99 
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Plotting these results in the form of curves we get Fig. II. It 


will be seen that the minima of the two curv 


es occurs at the same 


dilution of alcohol, namely, about 17} per cent. wt. strength, corres- 
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ponding to dilution factor of about 5-8. In volumes this would 
be 1 vol. alcohol diluted with 4} vols. water. It follows that in 
order to remove the maximum quantity of benzene from an alcohol- 
benzene mixture the alcohol must be diluted to the extent men- 
tioned. At ordinary temperatures, however, about 1 part of 
benzene per 100 parts alcohol must always be left in the diluted 
spirit. Probably this amount of benzene would be considered to 
be nauseous. If distillation of the diluted spirit were resorted to, 
however, this last portion of benzene could easily be removed as 
the well-known ternary mixture boiling at 65°C. and containing 
74 per cent. of benzene. 


A Method for the Determination of the Vapour Pressure of 
Hydrocarbon Fuels, and the Estimation of Dissolved Air. 





By H. T. Trzarp and A. G. MARSHALL. 


To devise a suitable method for the accurate measurement of 
the true vapour pressure of mixed liquids is a matter of some 
difficulty, since the measurements must be carried out under 
conditions which ensure that evaporation does not appreciably 
alter the composition of the liquid phase. In the case of a liquid 
such as petrol, which is usually a mixture of a large number of 
different substances, it is not sufficient to introduce a large 
quantity of it into a closed evacuated space—such as the top of 
a barometer tube—and to measure the resultant pressure, for 
the presence of dissolved air may introduce a considerable error. 
Petrol dissolves something like a quarter of its volume of air at 
atmospheric pressure, which comes out of solution when the 
liquid is introduced into a vacuum. Any attempt to get rid of 
this air by previous boiling alters the composition of the liquid, 
particularly when it contains a considerable proportion of low- 
boiling hydrocarbons, or of hydrocarbon gases in solution. 

The method recently published by Wilson and Barnard (Journal 
of the Society of Automotive Engineers, Vol. 9, p. 313, Nov., 1921) 
involves previous boiling, and closely resembles one on which 
preliminary experiments were carried out by us. The method 
which we subsequently adopted does not necessitate any 
treatment of the liquid, other than drying it; it also has the 
advantage of not requiring the employment of a high vacuum. 









It was devised and used by us during the course of a research 
on fuels for internal combustion engines, which was carried out 
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in 1919 in conjunction with Messrs. Ricardo and Company for 
The Asiatic Petroleum Company. We are much indebted tp 
the latter company for permission to publish the details. 
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APPARATUS USED FOR VAPOUR 
PRESSURE MEASUREMENTS. 














The apparatus is shown diagrammatically in Fig. 1. A 
reservoir of about 100 c.c. capacity is connected at its upper end 
to a short burette by means of a piece of capillary glass tubing 
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containing the tap “A.” At its lower end is sealed on a glass 
tube which is bent U-shape, and connected to a manometer, etc., 
by means of a piece of rubber pressure tubing. By means of the 
two-way tap “‘C,” the apparatus can either be evacuated by an 
ordinary water pump, or air can be admitted, as desired The 
reservoir is sealed at its lower end by 10 c.c. mercury. When 
the pressures inside and outside the reservoir are equai, the 
mercury reaches the mark “ B” in the side tube. It is always 
adjusted to this mark during the experiment. The actual volume 
of the reservoir from the tap “A” to the mark “B” was 
109 c.c., but for ordinary purposes it is not necessary to know 
this accurately. 

Petrol is admitted to the reservoir from the burette through 
the mercury sealed tap “A,” which effectively prevents the 
admission of air from outside. Its lubrication is, however, a 
matter of some difficulty, since ordinary tap lubricants are 
dissolved by petrol. We eventually found that soft soap 
answered the purpose admirably. The whole reservoir is easily 
kept at constant temperature by immersing it in a bath; the 
experiments described in this paper were carried out at 0°C., 
the bath being filled with melting ice packed in such a way, 
using wire gauze, that there was always ice at the bottom of the 
bath and a clear view left of the mark “ B.” 

The method of taking measurements is as follows. The 
reservoir is cleaned out, and then dried by a current of warm 
dry air. It is then connected up to the rest of the apparatus, 
the tap “A” closed, and 10 c.c. of mercury poured into the 
burette. The whole apparatus is then evacuated by means of 
the water pump, no care being necessary to obtain a high vacuum. 
The mercury is then admitted through the tap, and when it is 
near the bottom of the burette the petrol to be examined is 
poured on to it, the burette being tapped to remove any air 
bubbles that may adhere to the junction of the petrol and 
mercury. The admission of mercury is then continued cautiously 
until only a very small quantity remains in the capillary. Its 
height in the reservoir is then adjusted to the mark “B” by 
maniuplation of the two-way tap “C”; the initial pressure 
(of air) inside the apparatus is then given by the difference of 
levels in the manometer and barometer tubes. Petrol is now 
slowly admitted in small quantities, and at intervals the admission 
is stopped, and the increase of pressure over the original obtained 
by adjusting the mercury again to “ B,” reading the difference 
of level of the manometer and barongeter tubes, and subtracting 
from this the original pressure in the apparatus. 

Typical curves showing the variation of increase of pressure (p") 
with volume admitted, are given in Fig. 2. It will be noticed 









220 TIZARD AND MARSHALL : DETERMINATION OF THE 


that for the ordinary mixed petrol, the apparent “ Vapour 
pressure ”’ first rises quickly as the volume admitted is increased, 
and then more slowly after the volume reaches 5 to 10 c.c. of 
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liquid. When the volume admitted is greater than 10 cc. 
(or 1-10th of the volume of the reservoir) it may be assumed 
without appreciable error in all ordinary cases that evaporation 
does not change the composition of the liquid. The increase 
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in p' on further addition of liquid is caused by the compression 
of the air in the apparatus, by a certain amount of dissolved air 
coming out of solution, and by the hydrostatic pressure due to 
the height of liquid petrol standing above the mercury in the 
closed space. All these effects are eliminated by extrapolating 
this part of the curve to the line of zero volume in the manner 
shown by the dotted lines in Fig. 2, and the value so obtained 
represents the true vapour pressure of the mixed liquid at the 
temperature of the experiment, i.e. the vapour pressure measured 
under such conditions that evaporation doés not alter the 
composition of the liquid. The graphical extrapolation is probably 
correct to 1 m.m.; the accuracy of the method could undoubtedly 
be improved considerably if required, but a possible error of 
| m.m. is not of much importance in connection with internal 
combustion engines. 

It is necessary to dry the liquid before admitting to the 
apparatus, for if petrol is saturated with water, the partial 
vapour pressure of the latter will be equal to that of pure water, 
which at 0°C. is 46 m.m. The measured vapour pressure of 
the wet liquid may therefore be considerably higher than that 
of the dry liquid, in spite of the very small solubility of water. 

The fact is often overlooked that the true vapour pressure of 
petrol may not be a reliable criterion of its value for engine 
“starting ’’ purposes. This will easily be seen from the following 
considerations. The correct mixture for complete combustion of 
petrol contains about 1 part of petrol to 15 of air by weight ; 
this corresponds to 1 c.c. of liquid petrol to about 8000 c.c. of 
air measured at N.T.P. When an engine is running idly, the 
mixture delivered to the cylinders is certainly much richer than 
this, but even if it were eight times as rich we should only have 
0-1 c.c. of petrol to 100 c.c. of air, and the actual pressure of 
hydrocarbon vapour in the air may in such a case be very 
considerably less than the true vapour pressure, as the curves 
in Fig. 2 show. It will be seen that the curves corresponding 
to “ petrol B”’ and National Benzole are tending to cross when 
only very small quantities of liquid are admitted to the reservoir, 
so that the actual pressure exerted when only 0-1 c.c. of liquid 
are admitted is probably less for the “B” than it is for the 
Benzole. Hence, the latter will be just as good, if not better, 
for starting purposes, even though its true vapour pressure is 
10 m.m. lower. The less homogeneous a liquid is, the more 
pronounced will be the fall in apparent vapour pressure when 
only small quantities of the liquid are present. If the liquid 
is quite pure, there is of course no corresponding fall; the curve 
for nearly pure toluene only shows a very slight fall, so that the 
vapour pressure exerted when only very small quantities of the 
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liquid were admitted, is very nearly equal to the true vapoy § Hence 

pressure. If the variation of vapour pressure with volum 

admitted is followed out in the manner described above, fq 

more reliable information can be obtained as to the qualities of 

liquid fuels for internal combustion engines than from a singh § | 

measurement of the true vapour pressure when the proportion § 4” th 

of liquid volume to gaseous space is large. A single measure. o 

ment of this kind may indeed give very misleading results unless § the li 

the range of boiling of the liquid is also taken into account. Py, we | 
The slope of the curves obtained after the volume of liquid called } 

admitted is sufficiently large for evaporation. not to alter its 

composition appreciably, depends mainly on two factor— 

(a) the initial pressure of air in the apparatus, (6) the solubility 

of air in the liquid. Naturally the higher the initial pressure This is 

the steeper will be the curve. It is convenient to work with a “ vapor 


fairly low initial pressure, since the necessary extrapolation is long as 
then easier. The curves shown in Fig. 2 were all taken with in the 
the same initial pressure of air in the apparatus, namely, about 


7 m.m. It will be observed that the curves corresponding to ~_ 
“petrol A” and “B” are parallel, and steeper than the two conclus 
lower curves which are also nearly parallel. The reason for this () 1 


is that the solubility of air in paraffin hydrocarbon is greater 
than that in aromatic hydrocarbons. 

The shape of the curves, when the liquid is present in sufficient 2)" 
quantity to exert its true vapour pressure, can be calculated 
theoretically as follows :—Suppose the true vapour pressure to 
be p m.m., and suppose the liquid to contain z c.c. of dissolved air 
in 1 c.c. of liquid, x being measured at N.T.P. Suppose, further, 
that if the liquid is saturated with air at atmospheric pressure 
and the temperature of the experiment, it would contain y c.c. of 
air per c.c. of liquid. Then, if it is in equilibrium at any other 
pressure P of air, the volume of dissolved air (at N.T.P.) per c.c. is (3) 
y . P, 

760 
to the pressure if the temperature is constant. Now let the volume 
of the reservoir be V c.c. and the initial pressure of air before liquid 
is admitted be P, m.m. Admit v c.c. of liquid. Then the tolal 
quantity of air in the closed space measured at N.T.P. will be :— 


Py 


since the solubility is known to be closely proportional | fairly 


in + vz 
This is present in two forms, (a) in solution in the liquid; (6) in 
the gaseous space. If the partial pressure of the air in the gaseous 


space is now Pv, the amount dissolved in the liquid is ~¥ Nv, Fre 
air in 
and the amount in the gaseous space of (V-+) c.c. is &» oo. of liq 


760 
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Vapour Hence :— 
P,V vy Pv , Pv(V —r) 
70, ° . t 
me 760 + = “760 * 760 
- P,V + 760 vx 
ties of or adele rs 


te - Now the éofal pressure measured, if we neglect the hydrostatic 
sure of the liquid, is the pressure of the air +- the vapour pressure 


unless fy of the liquid, i.e, Pv + p. If we subtract the original air pressure 
t. P,, we get the apparent vapour pressure, as shown in Fig. 2, and 
sani) M called p! above :— 
are ,  * P , PeV + 760rr P 
r its p v+p—Po= P+ “v0 4 ye 0 
Ors— 
~ 760vr + Pyv (1 — y) 
bility -— ? 4 . a a ol — y) 


saute Ei this is the equation to the curve representing change in apparent 
on is 4 YSPOUr pressure ” with change in volume of liquid admitted, so 

long as the liquid is present in such a volume that slight evaporation 
in the reservoir does not alter its composition appreciably. The 
effect of the hydrostatic pressure of the liquid can, of course, easily 
8% Tie allowed for if greater accuracy is desired. The following 
conclusions can be drawn for this equation :— 


be (1) When v is very small p'— p, the true vapour pressure. 
Hence, if the curve is extrapolated it will cut the pressure 
ont axis at the point corresponding to the true vapour pressure. 
sted (2) This is true whatever is the value of P,, the initial pressure 
: of air in the apparatus. The only effect of increasing P, 
a is to increase the slope of the curve. This has been tested 
bet by experiments in which the initial pressure was varied 
som from 0.1m.m. to 325m.m of mercury. The curves so 
of obtained all extrapolated back to the same point on the axis 
“eee y= 0. ie 
. is (3) The slope of the curve at any point is given by z — If vis 


nal § fairly small compare to V, 
dp 760x + P,(l-y) 
me a Vv 


7 As v increases, the slope of the curve increases, hence all 
the curves bend slightly upwards as shown by the experi- 
mental results. It is clear from this equation that an 
increase in either x or P,, increases the slope of the curve. 
in When P, is fairly small, x, i.e., the amount of air in solution, 
us determines the slope. The method can thus be used con- 
v, veniently to determine the solubility of air in any liquid. 


From the results shown in Fig. 2, the actual amount of dissolved 
air in the petrols “‘ A ” and “ B ” is calculated to be 0.22 c.c. per c.c. 
of liquid, and about 0.15 c.c. per c.c. of benzole. 
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When Oil is ‘* Good.’’ 73 
By Wiiu1aM F. Parisu.? 


A PETROLEUM product is good or poor only as it suits, or does not 
suit, the condition for which it is used. A watch oil may be exactly 
right for a watch ; it will lubricate for years without evaporation, 
it will not gum and will not cause pitting of the fine polished parts, 
It is perfect for the purpose for which it is made. However, if this 
watch oil was put into the cylinders of a steam engine, it would 
fail to lubricate, and would immediately become a “ poor oil,” not 
through any loss of intrinsic value, for it is still the 100 per cent, 
watch oil, but through the fact that it was not being used unde 
conditions suitable to its nature. 

Conversely, citing an example of a perfect steam cylinder oil, 
giving satisfactory performance in conjunction with the water 
carried over in the steam coating, the valves and cylinder walls 
with a thin but sufficient film of oil, allowing lubrication to be 
carried on with a very small amount of oil, and even though a 
considerable amount of this oil accumulates in the boiler, it does not 
cause trouble. This can be called a 100 per cent. steam cylinder 
oil. If a few drops of this same oil would be put on the delicate 
mechanism of a watch, the watch would stop, and the oil would then 
be graded “ very poor.’’ A spindle oil can be almost perfect for 
the reservoir of a fast-running cotton spindle, while the same oil 
used on a stone crusher would cause damaged bearings and put the 
machine out of action, due to it being a “poor oil.” The oil 
entirely suitable for the heavy stone crusher would stop the cotton 
spindle, and in consequence would earn the term “ poor oil.” 
A very fine fuel to be burned under furnaces, and giving the best 
of satisfaction as a steam producer, would cause great trouble in 
the bearings of the mill. Conversely, the oil used in the mill 
bearings would not always give the same satisfaction under the 
boilers as the fuel intended for that purpose, which is proof that 
the money expended in producing and refining an oil means nothing 
to the well-working of the product, if it is placed outside of its 
useful field of action. 


2 To be read before the March meeting of Chicago members of the 
American Society of Lubrication Engineers, March 3, 1922. 
2 Member, Consulting Lubrication Engineer, Chicago, Il. 
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Kerosene is good for lamps when the lamps burn brightly and do 
not smoke. If the kerosene was made better, in that more money 
was spent on its production, and it smoked and did not burn brightly, 
it would be a poor burning-oil and not worth the price paid for it. 
With fuels the 72 Baume gravity gasoline in use when the automo- 
bile industry was young and when fuel was plentiful, was a good fuel 
because it was entirely consumed in the engines that were especially 
adapted for a fuel of that light volatile nature. While the engines 
were continued, the fuels became heavier and not as suitable for 
the engines, and the term “ poor fuel” was given them. As a 
matter of fact, the present fuel is much better in many respects 
than the old lighter fuel, except for the basic fact that it is not as 
suitable for the engines in which it is used. This is not the fault 
of the fuel as such, but rather the fault of the engine. 

The present motor lubricants are passing through a very trying 
period. They are being made with more care and at greater 
expense than ever before, and yet there is a general opinion on the 
part of the motoring public that something is wrong with the oils. 
The general complaint is that they become very thin after a short 
time in the engine, and that the use of the oils produces much 
carbon in the cylinders, necessitating more frequent cleaning. 
The lubricating oil is taking the blame for the unbalanced condition 
of the engine and the fuel. If the fuel was suitable for the engine 
(which authorities seem to agree it is not), then our motor oils 
would be much cheaper and more suitable forthe engine. The 
fuel being “ poor,”” which means that it is no longer adapted to the 
engine, has brought forth a series of events that make it necessary 
todo many things unthought of when the industry was new and 
the fuel was ‘‘ good.”” The matter of removing carbon from engines 
in the days of not longer than ten years ago, was never considered 
serious. To-day, carbon must be removed every two to five 
thousand miles, and under some conditions the evil effects of carbon 
are noticed much sooner. Carbon causes wear and loss of power 
by stopping the action of the piston rings in their grooves. Carbon 
causes preignition and pounding, and the consequent straining of 
bearings and parts. If carbon could be eliminated, the entire 
motoring public would be greatly relieved, and would undoubtedly 
run up greater mileage in consequence. There is no question but 
that troubles in operation, such as excessive carbon, traceable directly 
to the present unbalanced condition of the engine, fuel and lubricant, 
have brought a considerable reduction in the use of cars. 

The wear in the cylinders has introduced an entirely new and 








profitable industry, engaged in the re-grinding of cylinders and 
the fitting of over-sized pistons, estimated as affecting at least 
one million cars per year. The piston ring manufacturers have 
extended their operations until rings are one of the easily obtained 
Q 
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articles of commerce. This is due to the attempt of the motor 
owner to prevent some of the more noticeable conditions due to the 
engine and fuel being no longer in balance. 

Why should the automobile engine require a new set of rings 
every season, as is becoming the practice? Steam engines yi] 
operate on the same set of piston rings for years, it being an excep. 
tional condition when the rings have to be renewed. The steam 
engine and its lubricating oil have never been out of balance 
Lubrication of the steam cylinder is nearly perfect, and as a conse. 
quence the rings wear but little. The steam cylinder oils ar 
“ good oils ’’ because they can perform good and useful service ip 
preventing wear and replacements. If all the boiler feed-water 
in the world would change in nature to an extent that the lubrication 
of the cylinders and valves of the steam engines would suddenly 
become impossible, the classification of steam cylinder oils would 
change from “good” to “ bad,” as soon as the trouble would 
make itself felt. 

Lubricating oil is used for the purpose of preventing friction and 
wear. A good oil is one that will prevent the most friction and 
wear. When wear takes place, or when there is so much friction 
in the moving parts that the speed or power is affected, then the 
oil is not doing its work. If the wrong oil for the work is being 
used, then it is “ poor ”’ oil for that particular machine. The fact 
that it may be a most excellent lubricant for several other uses, 
will make but little impression on the owner, his machine being 
overloaded and is wearing out. If a cheaper oil, in that it is not as 
expensive to make and buy, will allow the machine that is wearing 
out to be saved, then the cheap oil becomes a valuable article and 
is raised immediately to the “ good ” oil classification. Good oils 
are therefore suitable oils ; poor oils are those that are not suitable. 
When an engine is being operated under conditions that are changing 
in such a way as to affect the lubricant, a “‘ good ” oil can become a 
“ poor ”’ oil as these conditions affect it. 

In the case of the present engines of our tractors, trucks and 
cars, the fuel is not being entirely disposed of by the engine, a 
considerable part of it being too heavy to be burned. Therefore, 
it does not volatilize and does not enter the engine as a gas, but a 
large portion of it actually drains into the engine in its original 
fluid state. Some of this liquid is finding its way to the crankcase, 
and is combining with the lubricating oil. This brings about what 
is now known as the Dilution Problem. 

Dilution of the lubricating oil is so rapid in the winter that the 
original character of the oil is entirely lost after a few hours working 
in the crankcase. The fuel that escapes to the crankcase, and there 
combines with the lubricant, thins down the lubricant until it 
resembles kerosene more than it does lubricating oil. In this way 
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the very finest and most expensive of motor oils will change so 
rapidly in the engines, that all the original characteristics of the 
lubricant are lost, and the mixture that remains is neither a “‘ good ”” 
fuel nor a “ good ’’ lubricant, but is a “ poor’ mixture, which is 
disearded after it has done all possible damage to the engine. 

The very fact that these mixtures are taking place is evidence 

of the unbalanced condition of the engine and the fuel, which is 
mining ‘‘ good ” lubricants and making “ poor ”’ lubricants of them. 
When the engines were using the more volatile fuels, which were 
in consequence entirely consumed, there was no condition of the 
thinning out of the oil as we have to-day. It required less oil to 
lubricate a motor per thousand miles, and the oil was a better 
motor lubricant to start with because it was made for the engine, 
and not to combat the dilution problem, as is necessary with the 
present-day lubricants. All motor oils are now made very thick 
and heavy, so when they are put in the engine, and are contaminated 
by the fuel, they will nevertheless retain some of their body and do 
part of the work for which they were intended. The motor oils 
of the old days were made of the best of the neutrals, and these oils 
were particularly adapted to the mechanical needs of the engines. 
To-day the same oils are used mainly by Eastern oil manufacturers 
in producing motor lubricants. The heavy steam cylinder oils are 
carbon producers when used in the internal combustion engine. 
Most carbonization trouble is the result of using these heavy oils, 
and these heavy oils are necessary because the heavy and only 
partially volatile fuel (“‘ poor ” fuel), makes the use of the former 
suitable and good lubricants impossible. 
There are several solutions to the present unfortunate condition 
of engine, fuel and lubricant. The petroleum industry seems to have 
reached the limit in regard to the volatility of fuel. Authorities 
agree that fuel will be less volatile as time goes on, until we find a 
fuel other than of petroleum origin. The leading engineers of the 
automotive industry state that they have about reached the limit 
of development of the present engine. They cannot utilise more of 
the present fuel than they are doing and they do not see how it will 
be possible to use as much, if the fuel is made heavier. One solution 
is to give up the present engine and build something else. This 
means going to the steam engine or turbine, the electrically-propelled 
vehicle, or to some other type of internal-combustion engine. 
Accepting any of these suggestions to change the design of the 
present engine would mean the expenditure of billions of dollars. 
The ten million engines now in use cannot be changed over. No 
one has offered any solution, beyond the experimental stage, and 
there are many objectionable features to those that have been 
offered ; conditions of operation may be as serious as the present 
condition due to the unbalanced engine and fuel. 
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For instance, with the steam engine the boiler upkeep is affected 
by the nature of the water, and also by the lubricant used in the 
engine. It is necessary to have steam systems that are continuous, 
the water being condensed and used over again. As the steam 
cylinder must be lubricated, part of the oil gets into this circulating 
system and causes damage to the boiler. The incrustations from 
the water also cause damage. . With the Diesel and the constant 
pressure types of the internal combustion engine, the great economy 
of engines of this type requires that they operate on full load the 
greater part of the time. When the load is variable the efficiency 
drops. They are not flexible enough, and must be built very heavy. 
The electrically-propelled vehicle has well-known limitations as 
built at present, mostly due to the natural limitations of the storage 
battery. When we progress to a point where the electric current 
can be utilised direct, without the storage battery, we will have 
a simple means of locomotion. However, that time is in the future, 
and the transition from what we have, and what we are prepared 
to build and are building, will take some years and will involve 
enormous expenditure. 

The situation, as far as the internal-combustion engine and the 
available fuel is concerned, seems to be at a deadlock, where con- 
ditions are bound to become even worse before they improve. 
The only immediate solution of the problem seems to be to treat the 
mixed lubricating oil and fuel while the engine is in operation, and 
to return the fuel portion to the cylinders to be consumed, the 
regenerated lubricating oil to go back to the crankcase. 

This process is now being worked out. The apparatus has been 
perfected to a point where it has been in actual operation and under 
observation on trucks, tractors and passenger cars, for several years. 
The results of the use of this apparatus have been that the oil in 
the engine has been kept at approximately its original body. All 
the fuel which leaked into the crankcase and has been caught by 
the lubricant, has been removed, and the recovered fuel has been 
converted into power in the cylinders, thereby eliminating a double 
loss. The oil, thinned down by the fuel, has been regenerated and 
cleaned, and after cooling, has been returned to the crankcase. 

The oil in these regenerating systems actually improves with use. 
The carbon in the engine gradually disappears. The engine remains 
in its original condition, due to proper lubrication, for much longer 
periods. Less oil is used per thousand miles, due to the fact that 
(rainings are not necessary with the new system, because they 
retain their original consistency. These lighter oils are cheaper as 
a rule, and are more suited to the engine, producing less frictional 
load and forming less carbon. By returning the lost fuel to the 
cylinders, it is evident that cars will secure a greater mileage per 
gallon of fuel. 
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ABSTRACTS, 


Compiled by 8. Bowman, A.L.C. 


A CHEMICALLY-CONTROLLED AvuToOmMoBILE.—G. G. Brown. J. Ind. Eng 


Chem., 1922, 14, 6-12. 

In view of the increasing consumption of petrol and the uncertainty 
of future production the author lays emphasis on the need of more 
economical use of that fuel and indicates how such a saving can be 
effected by the application of chemical engineering principles. 

Whereas the efficiency of a properly controlled internal-combustion 
engine may well be 30-35%, the average obtained is seldom more than 
15%, and the Bureau of Mines is quoted having found that “ the com. 
bustible gas in the average automobile exhaust from one gallon of gasoline 
amounts to 30% of the total heat in a gallon of gasoline.” 

This state of affairs is due, in the opinion of the author, to the fact 
that manufacturers have depended on mechanical improvements for 
increased efficiency rather than the consideration of the chemical and 
physical reactions taking place in the engine itself. 

A detailed study of the thermodynamics involved is given, and efficiency 
E=1 (: )k~!, where r= compression ratio, and K ratio of sp. hts; 
compression ratio being fixed by engine design and K depending on 
mixture ratio. The thermal efficiency due to compression ratio and 
mixture proportion is shown graphically, higher compression giving higher 
temperature and more rapid explosion, and lean mixtures having lower 
specific heats reducing radiation losses. 

Reaction velocity, also an important factor, is shown to be influenced 
by (a) concentration, determined by the law of mass action ; (6) termpera- 
ture, depending on mixture proportion ; (c) turbulence, depending on 
size of valve, speed of engine, etc. Incomplete combustion may take 
place, resulting in the formation of aldehyde, carbon monoxide, and 
possibly hydrogen. The stability of paraffins varies inversely as the 
molecular weight. Ethane is rapidly decomposed at 1100°C., and at 
1500° C. -036 sec. is the time required for complete decomposition of the 
hydrocarbons, this time being of the same order as that of the ignition 
period. The experimental work was carried out by means of an engine 
connected to a hydraulic dynamometer, speed taken by a counter and 
torque determined by balancing the arm of the dynamometer on the 
platform of a Fairbank’s scale. The composition of the exhaust gases 
was determined in an Orsat apparatus and runs made under all possible 
variables. A special automatic carburetter, acting as a governor, has 
been devised, and is described, and numerous curves and indicator 


diagrams are given. 
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The author summarises his investigations :— 
‘The combustion or explosion of a gasoline-air mixture is essentially 
a complex chemical reaction, and, as such, is susceptible to chemical 
control. The most important consideration is the velocity of reaction, 
which is determined by concentration, turbulence and temperature, 





as follows : 

“1. The mixture of maximum reaction velocity has always an excess 
of combustible over the combining proportions, ana the wider the variation 
from this ratio the lower the reaction velocity. 

‘2. Turbulence increases the reaction velocity. 

“3. As the temperature is raised, the velocity of reaction is increased. 
As the greatest efficiency is obtained with the most dilute mixture that 
ean be burned under existing conditions, it follows that the greatest 
mileage can be obtained with dilute hot mixtures with a high degree of 
turbulence. 

‘As the temperature decreases the mixture must be made more concen- 
trated to maintain the velocity of reaction. Since turbulence decreases 
as the engine speed decreases the reaction velocity must be maintained 
by increasing the concentration of the mixture as greater load in put on 


, 


the engine.’ 


Viscosiry-TEMPERATURE CURVES OF FrRacTIONS or TyPpIicaL AMERICAN 
Crupe Oms.—E. W. Dean & F. W. Lane. J. Ind. Eng. Chem., 1921, 








13, 779-86. 

Crude oils representing paraffin, asphalt, and mixed base oils were 
fractionated by the Bureau of Mines method and the fractions examined 
by means of the Ostwald viscometer at temperatures between 0° and 
100°C. Variation of viscosity with temperature appeared to be least in 
the case of paraffin base oil and greatest with asphalt base oil. 


DecREE oF UNSATURATION OF MINERAL O1Ls IN THE BeErGius (HypRo- 
GENATION) Process.—H. I. Waterman & J. N. J. Perquin. Rec. Trav. 
Chim., 1921, 40, 677-680. 

An oil treated by the Bergius process at 400° C. and 100 atm. gave a 
residue of 57-6% at 300° when distilled by Engler’s method, whereas the 
oil before treatment gave a residue of 83-8° at that temperature. The 
iodine value as determined by the Hanus method showed slightly more 
unsaturation in the case of the treated oil, but in both cases was largely 


dependent on proportion of iodine solution taken. 


THE TECHNICAL PURIFICATION OF CrUDE NAPHTHENIC Acips.—-H. Burstin & 
B. Spanier. Petroleum, 1921, 17, 1329-1334. 

Distillation with 30% to 60% of superheated steam at a reduced 
pressure gave a product having an acid value 126, sapon. value 142, and 
13% of unsaponifiable matter. The sodium and calcium salts of the 
naphthenic acids being decomposed by CO, it is suggested that a method 
of refining may be employed based on the use of lime kiln gas or flue gas. 












262 










































ABSTRACTS. 


The sodium carbonate formed to be recausticised and the calcium car. 
bonate in turn used for production of CO,. 

The reaction between CO, and sodium naphthenate is, however, a 
reversible one and limited to that extent. 


Tue SEPARATION OF ADHERENT Ort oR BrTuMEN FROM Rock.—E. Fyleman, 


J. Soc. Chem. Ind., 1922, 41, 14-16T. 

A method is described for the recovery of oil or bitumen from mineral 
matter in deposits other than those found in Trinidad. Such’ deposits 
exist in large quantities in various parts as natural geological formations 
and also as by-products of oil-producing areas. The most important of 
these are the tar sands which occur in enormous quantities in Alberta. 
The sand contains 10-20% bituminous matter, which yields on heating 
15-25 gall. of oil per ton, the latter giving 5% of gasoline on distillation. 
Other deposits are those existing in the neighbourhood of oil wells, 
where the surrounding soil has become more or less saturated due to 
leakage, etc. 

The method of recovery depends on the reduction of surface energy 
of the system by the addition of some liquid of low surface tension, 
such as an aqueous soap solution. When such a solution is added to the 
mixture of sand and bitumen or oil the molecular adhesion is destroyed 
and the mineral matter separates out clean, according to the efficiency 
of the agitation provided. 

In the case of oil and sand separation takes place in the cold, but with 
bitumen heating to 80°C, is required to produce necessary fluidity. 
Very small concentrations of soap solution are required, one part per 
thousand being ample, and where the organic matter present is acidic in 
character, soda ash may be employed in lieu of soap, as the latter would be 
formed in consequence. Gentle stirring is required to ensure thorough 
wetting of all the particles, and segregation rapidly takes place, the 
sand separating in a clean state, and the bitumen or oil with a 10% water 
content. The soap solution is run off and used indefinitely. The method 
is not applicable to such deposit as those found in Trinidad, on account 
of the fine state of division of the mineral matter present. Details of 
costs of treatment are given. 


Some New Prerroteum Propvucts.—J. H. James. Chem. Met. Eng., 26, 


209-212. 

An attempt is made to oxidise the less valuable products of petroleum, 
in the vapour phase by the aid of catalysts at a comparatively low 
temperature, and to utilise the various oxidation products obtained for 
industrial purposes. 

The catalytic material employed are the oxides of molybdenum and 
uranium or such a compound as diuranyl vanadate. These are employed 
in three layers or screens, the mixture of hydrocarbon vapour and air, 
for instance, being passed successively through a thin layer of uranium 
oxide and then through two separate layers of molybdenum oxide. 
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Uranium oxide appears to have marked properties for oxidising to the 
aldehydic stage, so that when acids are desired as the main product this 
preliminary step gives a higher yield. The temperature limits of reaction 
are 240° C.—500° C., so that where the higher fractions are dealt with 
dilution with a more volatile fraction is necessary to ensure vaporisation 
at the desired temperature. 

The products formed vary with the conditions of working, but in 
general represent all the stages of oxidation from alcohols to oxygenated 
acids. Although the chemical nature of these oxidised hydrocarbons 
has not been studied in detail, the acids are decidedly aldehydic in charac- 
ter and bear no resemblance to the true fatty acids. On saponification 
with caustic soda considerable resinification takes place and the liberated 
acids separate out as hard resins. On the other hand, if lime is used 
instead of soda little resinification takes place and the product is suitable 
for grease making. A heavy Mexican fuel oil on treatment gave an 
“ oxidised ” kero 8.G. -863 and cal. val. 18,696 B.T.U., and found suitable 
for use in internal-combustion engines. 

Southcome’s germ theory of lubrication suggests the use of these 
oxidised acids in lieu of fatty acids for blending purposes. Further, 
the treated oil has decided frothing properties and is suggested for use 
in oil flotation. 


lopine NuMBERS OF UNSATURATED HyDROCARBONS AND CRACKED Gaso- 
Lines.—W. F. Faragher, W. A. Gruse, & F. H. Garner. J. Ind. Eng. 
Chem., 18, 1044-1049. 

A comparison of Wijs’ and Hanus, methods when used for cracked 
spirit is made. Whereas the Hanus method is more likely to indicate 
the true degree of unsaturation, Wijs’ method depends to a great extent 
on the proportion of reagent used to amount of spirit taken and a large 
excess of reagent is always necessary. When dealing with quantities of 
less than 0-1 grm. there appears to be little difference between the two 
methods. 

The presence of diolefines are indicated by a characteristic curve, 
showing variation of iodine value with time of reaction and the amount 
of reagent used. 

The Hanus reagent does not form substitution compounds with simple 
or cyclic paraffins, aromatics, olefines or diolefines. 


Tae Sotm Pararrins 1x Perroteum.—M. A. Rakusin. Petroleum, 18, 
5-9, 42-48. 

Experiments were made with a Grosny crude which contains a high 
percentage of solid paraffins. Various methods were tried, such as 
centrifuging, filtration through Chamberland and Pukal filters, and also 
the effect of absorbing materials such as kaolin and fuller’s earth, etc., 
under varying conditions of temperature and pressure. Although 
complete extraction was not attained, centrifuging followed by filtration 
through fuller’s earth gave the best results. Centrifuging removed 2-6% 
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of m.p. 60°C., sp. gr. 0-8974; fuller’s earth absorbed -95°% of m.p, im 
50° C., sp. gr. 0-8108 ; leaving 1-7% of m.p. 59° C., sp. gr. 0-8377, whic) pl 


could only be removed by Holde’s distillation method. no 

The solid paraffins extracted by the above method showed a disting 18 
crystalline structure under the microscope, thereby refuting the theor, co! 
that such bodies originally exist in an amorphous state and only underg m 


crystallisation on heating. 





APPARATUS AND METHOD FOR THE DETERMINATION OF RESISTANCE y oe 
Cotp or Mrverat Ors.—K. Glaser. Petroleum, 18, 81-82 » 
The apparatus consists of an outer vessel filled with ice surounding sh 
an inner vessel containing a freezing mixture, thermometer, and stirring b 
gear. Above this is fixed another vessel partly filled with water from j 
which is suspended a number of glass siphon tubes the upper ends oj “ 
which dip into the water and lower end bent U-shape and graduated w 
immersed in the freezing mixture. The oils are contained in the gradv. a 
ated portion of the siphon tubes and cooled at —10° C. for one how. ol 
The water level in the upper vessel is then raised 50 mm. by means of a - 
displacement body and simultaneously a stop-watch started. After ' 
| min. the siphons are withdrawn and the rise in the level of the oil i 
noted. 
t] 
Tue Totrat ENerGy or ROUMANIAN PETROLEUM AND Its PARTITION IN TH 
Fractions.—C. Predescu. Bull. sec. sci. acad. Roumania, 7, 18-22. b 
Campina crude oil sp. gr. 0-8671, was fractionated into 10° fractions, ir 
and the calorific values found to range from 11,823 cals. for the 60°-70 a 
fraction to 10,409 for the residue boiling above 350°C., the decreas e 
being regular throughout. The method employed in the case of the ce 
more volatile fractions was to cover the platinum capsule with a weighel§ } 
piece of thin sheet rubber fixed by a weighed rubber band, the heat oi F 
combustion of which were determined in a blank experiment. Covering 8 
the capsule in this manner showed no loss in weight after standing 
30 mins. at room temperature. t 
Tue SormpiricatTion InTERVAL oF Pararrin.—K. Fricke. Chem. Zeit., 4%) : 
891-2. . 
Paraffin wax exhibits a certain amount of plasticity during the interval 
of solidification, which causes the candles to stick to the moulds and also t 
to bend over at high room temperatures. As this property is not indi- f 
cated by the usual methods for determining solidification temperature ' 
Fricke employs the following method. 
100 grms. of the wax is melted in a porcelain dish on a water bath ’ 
at a temperature below 65°C. When completely melted the clear 
liquid is poured into a shallow pan, 6+11+3 cm. and a thermometer é' 
bulb immersed therein. The temperature of the room during the expen- 
ment and also the time required for the wax to drop to 60° C. are noted, 
After 50 mins. the hardness of the wax is tested by means of a plunger 
having a cross section of 1 sq. em. and weighted to 2-2kgm. If an | 
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impression is made further tests are made at 2 min. intervals until the 
plunger fails to make an impression which can be seen or felt, this being 
noted as the time of complete solidification. The interval of solidification 
is the total time from that at which the wax was at 60° C. to the time of 
complete solidification, and for suitable candle-making should be not 


more than 65 mins. 


4 Srupy OF THE SATURATED AND UnsatTuRaTED O1Ls rrom SHALE.—C. W. 


Botkin. Chem. and Met. Eng., 26, 398-401. 

Previous work by the author is reviewed, showing that certain crude 
shale oils containing 12 to 40% of saturated compounds—.i.e., unabsorbed 
by cold concentrated sulphuric acid, decompose on distillation at atmos- 
pheric pressure into gas, coke, and a lighter oil containing 15 to 83% 
more saturated compounds, This phenomenon being the reverse of 
what usually happens on cracking of petroleum, further experiments 
were made with a more varied range of crude shale oils, including examples 
obtained from Scotch and English shale. 50 to 100c.c. of each crude 
was distilled from a Pyrex flask down to hard coke at a uniform rate of 
| drop per sec., and the percentage of distillate (water and oil), coke, 
and gas carefully ascertained in each case. The results, together with 
the characteristics of the distillates, are tabulated and compared. 

A nitrogen determination was also made before and after distillation 
by a modified Kjeldahl-Gunning method. 2-3 grms. of the oil are digested 
in a 650 c.c. Kjeldahl flask with 10 grms. potassium sulphate, 0-3 grms. 
anhydrous copper sulphate and 45c.c. of 96% sulphuric acid. After 
complete decomposition the flask is cooled, 300c.c. of water added, 
cooled and a small piece of paraffin wax added to prevent frothing. 
Excess of sodium hydrate solution is gently run in, together with a few 
grains of zinc and distillation made in the usual manner into 0-1 N 
sulphuric acid. 

In all cases distillation of the crude shale oil had the effect of increasing 
the percentage of saturates and decreasing the nitrogen content, the 
change being the most marked in those crudes with a high unsaturated 
content. 

The characteristics of the lighter fractions up to 210° C. contained in 
the original crude (primary gasoline), and also after distillation (secondary 
gasoline), are compared, and although the conditions of retorting the 
shale differed considerably, the secondary gasoline in all cases showed an 
increase in saturates, but otherwise closely resembled the primary fraction. 
This might be expected, since both are decomposition products, the 
primary gasoline being produced in the retort and the secondary by 
decomposition in the still. The heavier fractions of the crude oil were 
similarly examined and found to contain the most unstable bodies, 
which readily decomposed on heating, producing a more saturated distil - 
late. The experiments made seem to indicate that crude shale oils 
are apparently composed of comparatively light stable oils of higher 
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saturation produced by decomposition during retorting and of heavy 
unstable oils of lower unsaturation that have escaped decomposition 
in retorting because of rapid removal as vapour and fog by the gases and 
lighter oils. The decomposition from kerogen to once-run oil tends to 
occur in two stages—a primary decomposition in which the insoluble 
kerogen is changed, possibly by depolymerisation into soluble heavy 
unstable compounds similar to the shale oil residue ; and a secondary 
decomposition (not depolymerisation) in which these unstable compounds 
are broken down in lighter oils of greater stability and saturation such as 
constitute the once-run oils. Retorting with steam and inert gases 
tends to prevent the secondary decomposition by carrying over larger 
amounts of the bitumen produced by the primary decomposition and, 
as a result, the crude oil contains a higher percentage of unstable unsatur. 
ated compounds. Distillation of the shale or crude oil at a slow rate 
causes a more complete secondary decomposition and produces an oil of 
the once-run type. Much of the so-called high temperature retorting 
evolves the products so rapidly that the lighter oil and gases carry large 
proportions of the primary products out of the hot zone before secondary 
decomposition has progressed far and the crude oil is consequently more 
highly unsaturated. It is evident that physical conditions during 
retorting can be so controlled as to obtain a maximum of the bituminous 
products or an oil similar in quality to once-run oils, in which secondary 
decomposition is complete, and that consideration of these two stages 
of the decomposition is important in the construction and operation of 
retorts on a commercial scale. 


PATENTS, 


HyDROGENATING AND DisTILLiInc HypRocARBONS FROM BiTuMINOUS Svus- 


stances.—A. E. O'Dell. E.P. 171,785, Nov. 23, 1921. 

Bituminous sands, e.g. Alberta Tor Sands are intimately mixed with 
hydrogen under pressure, while in the molten state, fed into continuous 
stills and the volatile matter distilled off and condensed in an atmosphere 
of hydrogen. The latter is obtained by the decomposition of natural gas. 


Mernop or TREATING Orn SHartes.—S. H. Dolbeor. E.P. 171,918, Dec. 1, 


1921. 

Pulverised shale is mixed with water, a small quantity of oil and 
aerated to produce a froth and effect flotation separation of organic 
matter present. An addition of an electrolyte such as sulphuric acid 
may be necessary. 


SEPARATION OF SoLtip AND Liquip Hyprocarsons.—Deutsche Erdél Aktien- 


gesellschaft. E.P. 149,347, Dec. 21, 1921. 

A process is described for separating solid hydrocarbons from liquid 
hydrocarbons which consist in liquefying the mixture to be separated by 
heating and treating the liquefied mixture in counter current with a 
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solvent in which the solid hydrocarbons are practically insoluble but the 
liquid hydrocarbons soluble. 


Process FoR Decomposinc Heavy Hyprocarson O1 into LicuTer Ors. 
R. D. George. E.P. 151,925, Sept. 14, 1920. 

The process consists of subjecting heavy oil to a cracking temperature 
in a state of rapid motion through an apparatus forming a closed cycle 
under constant temperature and pressure conditions. The oil passes 
into a vertical cracking tube fitted with rotating scraper and from there 
to a series of separators. After deposition of carbon the oil is returned 
to the cracking tube, together with fresh preheated oil required to replace 
volatilised portions and separated carbon withdrawn at intervals. 


Crackinc oF Ors.—R. H. Brownlee & C. F. de Ganahl. E.P. 173,242, 
June 21, 1920. 

The oil is heated to the required temperature in a still or series of stills, 
consisting of a revolving drum containing a number of metal balls. These 
may be of iron or steel or some metal possessing catalytic properties, and 
should be hollow to give necessary surface area without undue weight. 
Their action is to increase the heating surface and also to effect a pulver- 
ising action on the residue as it becomes solid. 


ManvuracTURE oF Gasotine.—A. McD. McAfee. U.S.P. 1,405,054, July 12, 
1918, 

Gas oil is continuously distilled in the presence of anhydrous aluminium 
chloride added in the form of a thin mixture with the oil at 150° F. 
Agitation is provided and the spent aluminium chloride separates out 
as a sludge and is removed periodically, for recovery. The gasoline is 
obtained at suitable condensing temperatures. 


PURIFICATION OF PETROLEUM O1rms.—J. J. Hood. U.S.P. 1,404,293, July 22, 
1919. 

The vaporised oil is passed over granular magnesite maintained at a 
temperature above that of the boiling range of the liquid. Decomposition 
of the sulphurous compounds is effected and the gaseous sulphur com- 
pounds formed are absorbed by suitable materials such as oxide of iron, 
etc, 





Apparatus FOR Rerminc Hyprocarsons.—W. O. Snelling. U.S.P. 
1,402,455, Jan. 3, 1922. 

Consists of a vertical reaction chamber with external heating placed 
beneath and connected to a liquid reservoir by means of a vaporising 
chamber. Pressure is established in the reaction chamber by equalising 
the pressure above and below the liquid in the upper reservoir and 
restraining the outflow of vapour and gases evolved. 


Metuop or Puriryine O1s.—C. M. Alexandra. Assr. to Gulf Refining Co. 
U.S.P. 1,402,733, Jan. 10, 1922. 

A mixture of oil and sulphuric acid is passed continuously through a 
temperature-controlled conduit, mechanical agitation being provided. 
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By this means the minimum amount of acid can be employed for oxid 
purposes without undue loss or polymerisation of hydrocarbons. 


Propuction or Low-Bomine Port SaTUuRATED HYDROCARBONS 
Heavy Hyprocarson Ors.—aA. 8. Ramage. Assr. to F. F, 
U.S.P. 1,403,194, Jan. 10, 1922. 

The vaporised heavy oil mixed with steam is passed over an 
compound maintained in the ferrous oxide condition at a tempe 
of 550° C. 


Fuiter's Eartu Treatine Process anp Propvuct.—R. G. Tellier. U 
1,402,112, Jan. 3, 1922. 
Fuller’s earth is roasted in a current of air at a temperature 
730° C., the mass being constantly turned over. 


Treatinc Spent Furier’s Eartu.—C. I. Robinson. Assr. to § 

Oil Co. U.S.P. 1,403,198, Jan. 10, 1922. 

Spent fuller’s earth is revivified by washing with isopropyl! alcohol 
80% strength. 

ManvuracturRE oF Moror Furet.—C. M. Alexandra. U.S.P. 1,407,6 
Feb. 21, 1922. 

The process consists in passing the vapours of high-boiling pe 
fractions through a cracking zone heated to 500° C. at a speed suffici 
rapid to ensure a substantial portion of the vapour passing 
unchanged. The resulting vapours are fractionally condensed, the hi 
boiling liquid returning continuously to the still. 

Fractionat Distizniine Apparatus.—A. E. R. Chenard. U.S.P. 1,407, 
Feb. 21, 1922. 

. The apparatus consists of a boiler or still connected to a series 
elongated horizontal units arranged zigzag fashion. Each unit consists 
pair of hollow cones arranged base to base, axis horizontal, through w! 
the vapour circulates. A filtering device is fitted to the outlet end of e 
unit to collect any entrained liquid which is siphoned off automatically, 

Metnop or Treatinc Hyprocarson Ors.—A. 8. Ramage. U.S 
1,407,770, Feb. 28, 1922. 

The method consists in treating the products obtained by crackm 
processes or other products rich in olefines with sulphuric acid 60—66° 
the proportion of acid being 50% by weight of the olefinic bodies pre 
The resulting acid tar is then either separated or neutralised in situ will 
an aqueous alkaline solution, the effect of which is to hydrolyse th 
constituents absorbed by the acid. After separation of the aque 
solution the oil is distilled with the result that the boiling range has b 
considerably increased by the treatment and compounds of an aleohe 
nature formed in addition to the polymerised products. 








